AMENDMENT UNDER 37 C.F.R. §1.111 
Application No. : 1 0/564,643 



Attorney Docket No.: Q92669 



REMARKS 

This Amendment is filed in response to the non-final Office Action dated August 6, 2008, 
and is respectfully submitted to be fully responsive to the rejections raised therein. Accordingly, 
favorable reconsideration on the merits and allowance are respectfully requested. 

In the present Amendment, claims 1, 6 and 7 have been modified to recite features of the 
ceramic honeycomb filter. 

Specifically, claim 1 has been amended to recite that the ceramic honeycomb filter has 
porous cell walls comprising a first and second ceramic honeycomb structures, wherein the cell 
wall thickness and the cell wall pitch of said first honeycomb structure is the same with those of 
said second honeycomb structure, respectively. Furthermore, claim 1 was amended to recite that 
the plugs are formed at the downstream end of said first ceramic honeycomb structure positioned 
on an upstream side of an exhaust gas path. 

Claim 6 was amended by changing "pluralities" to —a first and second™ and by further 
defining "one end" with respect to the plugs. 

Support for the amendments to claims 1 and 6 can be found in the specification on page 
5, line 26 to page 6, line 2; and page 21, line 16 in view of Figure 1 1(b) and page 16, lines 18-20, 
for example. 

Specifically, in the amendment of claim 7, the phraseology "pluralities of has been 
replaced with the term —a first and second--. Additionally, the recitation —said first and 
second ceramic honeycomb structures being abutted to each other at cut ends, so that they are 
bonded to each other via plugs formed at the cut ends in the direction of the flow paths- 
replaces the phrase "abutting the ends of the cut ceramic honeycomb structures, such that at least 
part of plugs in said ceramic honeycomb structures at ends are abutted to each other". 
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Support for the amendment to claim 7 can be found in the specification at page 6, lines 
22-25, for example. 

Claims 2, 4 and 8 were amended to improve their form by amending the language to be 
consistent with the base claim. 

No new matter has been added. Entry of the Amendment is respectfully submitted to be 
proper. Upon entry of the Amendment, claims 1-8 will be all the claims pending in the 
application. 

Formalities 

Applicants appreciate the Examiner indicating the drawings are acceptable, 
acknowledging receipt of certified copies of the priority documents (there is one priority 
document) and returning one initialed PTO/SB/08. 

Information Disclosure Statement 

At paragraph 1 on page 2 of the Office Action, it has been indicated that Applicants' 
Information Disclosure Statement (IDS) filed January 13, 2006 fails to comply with 37 C.F.R. § 
1.98(a)(2). The Examiner advises that the references have been placed in the file, but they have 
not been considered. 

Applicants respectfully request reconsideration of the IDS filed January 13, 2006 and 
request that the IDS be considered and a signed copy be provided to Applicants in the next 
Office Action for the following reasons. The references to which the Examiner refers to are the 
eight foreign patent references listed on the Form SB08 submitted with Applicants' IDS. In 
compliance with a concise explanation requirement under 37 C.F.R. § 1.98: 

1 . JP 2004- 108331 was submitted with an English language abstract; 
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2. JP 59- 1 26022 was submitted with an English language abstract; 

3. JP 59-028010 was submitted with an English language abstract; 

4. JP 04-532 1 1 was submitted with an English language abstract; 

5. JP 2002-306915 correlates to its English equivalent, U.S. 2002/0108360; 

6. JP 2002-060279 correlates to its English equivalent, U.S. 2003/0053940; 

7. EP 1 23 1 363 correlates to its English equivalent, U.S. 2002/0108360; and 

8. EP 0 291 061 correlates to its English equivalent, U.S. 2003/0053940. 

For the sake of convenience, Applicants attach herewith an additional copy the English 
language abstracts for documents 1-4 and a copy of foreign documents 5-8. Accordingly, 
consideration of the IDS as filed on January 13, 2006 is respectfully requested. 

The Prior Art 

The relevant prior art documents are U.S. 7,090,714 B2 to Otsubo et al (Otsubo '714) 
and U.S. 2004/0065068 Al to Otsubo et al (Otsubo '068). 

The Rejections 

Claims 1-5 are rejected under 35 U.S.C. § 102(e) as anticipated by Otsubo '714. 
Paragraph 3 of the Action. 

Claims 6-8 are rejected under 35 U.S.C. § 102(e) as anticipated by Otsubo '714. 
Paragraph 4 of the Action. 
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Claims 1-5 are rejected under 35 U.S.C. § 102(a) as being anticipated by Otsubo '068. 
Paragraph 5 of the Action. 

Claims 6-8 are rejected under 35 U.S.C. § 102(a) as anticipated by Otsubo '068, 
Paragraph 6 of the Action. 

Claims 1, 2 and 4 are rejected on the ground of nonstatutory obviousness-type double 
patenting as being assertedly unpatentable over claims 1-6 of Otsubo '714. The obviousness- 
type double patenting rejection is later discussed. 

Applicants respectfully traverse and request reconsideration and withdrawal of these 
rejections in view of the amendments to the claims and further in view of the following remarks. 

The Examiner's position is set forth in the Action and will not be repeated here except as 
necessary to an understanding of Applicants' traversal which is now presented. 

Traversal 

As an initial matter, Otsubo '714 is the patent which matured from Otsubo '068. Both 
Otsubo '714 and Otsubo '068 are based on Application No. 10/461,419 and contain identical 
specifications. Thus, Applicants discuss only Otsubo '714. 

In the present invention, plugs formed at one end of at least one honeycomb structure 1 1 
are bonded to at least part of plugs formed at one end of a honeycomb structure 12 adjacent to 
the end of honeycomb structure 1 1. See page 5, lines 22-25 of the specification. 

Claim 1, as amended, is directed to a ceramic honeycomb filter having porous cell walls 
comprising a first and a second ceramic honeycomb structures each having large numbers of 
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flow paths partitioned by cell walls, which are bonded in the direction of said flow paths, 
predetermined flow paths being sealed by plugs, plugs formed at the downstream end of said 
first ceramic honeycomb structure positioned on an upstream side of an exhaust gas path being 
bonded to at least part of plugs formed at the upstream end of said second honeycomb structure 
adjacent to said end of this honeycomb structure, and a cell wall thickness and a cell wall pitch 
of said first honeycomb structure being same with those of said second honeycomb structure, 
respectively. 

As shown in Fig. 2 of the present specification, the first ceramic honeycomb structure 1 1 
with desired portions of flow paths sealed by plugs at one end and the second ceramic 
honeycomb structure 12 with desired portions of flow paths sealed by plugs at both ends are 
integrally bonded with plugs 21, 22 abutted to each other, such that the first ceramic honeycomb 
structure 1 1 is on the upstream side. See page 1 1, lines 4-9 and Fig. 2 of the specification. 

In contrast, Otsubo '714 discloses a ceramic honeycomb filter comprising a plurality of 
honeycomb structures bonded with the flow paths in communication with each other, wherein 
desired flow paths on an exhaust gas inlet side and an exhaust gas outlet side are sealed by plugs. 
The plugs on the exhaust gas inlet side are disposed at positions inside the filter separate from an 
inlet end surface of said filter and the adjacent honeycomb structures are bonded to each other 
via a bonding layer formed near an outer peripheral wall of the filter. See claim 1 of Otsubo 
'714. 

Particularly, the Otsubo '714 patent shows, in Figs. 7(a)-(f), a first honeycomb structure 
11 and a second honeycomb structure 12 having plugs formed on both of exhaust gas- 
introducing and -exiting sides are bonded to each other in the flow path direction via a bonding 
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layer (19a) on their flow path end surfaces, where plugs 18a are formed only exhaust gas- 
introducing sides of the second honeycomb structure 12 adjacent to the honeycomb structure 1 1 
to be bonded thereto having no end plugs in the flow path direction. See column 6, lines 4853 
and Fig. 7 of Otsubo '714. This distinguishes from the present claims, which recite that the 
plugs formed at the downstream end of the first ceramic honeycomb structure positioned on an 
upstream side of an exhaust gas path, is bonded to at least part of plugs formed at the upstream 
end of the second honeycomb structure adjacent to said end of this honeycomb structure. 

With respect to Figs. 7(d)-(f) of Otsubo '714, these figures respectively show an 
embodiment in which honeycomb structures 11, 12 are bonded to each other via a bonding layer 
19a abutting their outer walls 15 in a way such that bonding members 19b are inserted into 
opposing flow paths (Fig. 7(d)); a bonding layer 19a is formed on a periphery and integrally 
forming outer walls 15 on both honeycomb structures 1 1, 12 (Fig, 7(e)) ; and both ends of flow 
paths in a peripheral portion sealed are bonded to each other via a bonding layer 19a in a 
peripheral portion, by integrally forming outer walls 15 on both honeycomb structures 11, 12 
(Fig. 7(f)). See column 7, lines 1-13 of Otsubo '714. 

Specifically, as shown in Figs. 8(a) and 8(b), the bonding layer 19a is formed radially in a 
range 2-10 mm from the outer wall 15 on bonding surface of the honeycomb structures 1 1, 12 for 
bonding the honeycomb structures 11, 12 to each other, and the outer wall 15 is integrally 
formed and common to all honeycomb structures 11, 12, whereby as shown, e.g., in Fig. 8(b) 
corresponding to the honeycomb structure 11 as shown in Fig. 1(b), a gap 20 corresponding to 
the thickness of the bonding layer 19a is provided. 
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Namely, the gap 20 is preferably 3 mm or less, further preferably 1/2 or less of the cell 
pitch of the honeycomb structure. See Otsubo '714 at column 8, line 58 to column 9, line 2. 

It is clear from Figs. 8(a) to 8(c) and the description at column 9 of Otsubo '714 that gap 
(20) formed between the end surfaces of cell walls in center portions of the honeycomb 
structures end surface plays an important role in regulating the particulates-capturing rate. See 
column 9, lines 2-33 of Otsubo '714. 

The features of Otsubo '714 are completely different from the present invention because 
Otsubo '714 does not teach or suggest that both end sides of plugs of the first and second 
honeycomb structures (11) and (12) are integrally bonded with plugs (21) and (22) abutted to 
each other, such that the first ceramic honeycomb structure (11) is on the upstream side, as 
recited in amended claim 1 . 

The present method claims 6-8 also distinguish over the art. With respect to method 
claims 6-8, the Examiner states in paragraph 4 of the Office Action, that Otsubo '714 discloses a 
method involving: 

"cutting monolithic ceramic honeycomb structure substantially 
perpendicular to said flow paths to form pluralities of ceramic 
honeycomb structures, abutting the ends of the cut ceramic 
honeycomb structures, such that at least part of plugs in said 
ceramic honeycomb structures at ends are abutted to each other, 
wherein at least part of plugs formed at one end of said ceramic 
honeycomb structure have protruding portions in Figs. 7(d)-7(f) 
and col. 5, line 33 to col. 12, line 47." (see page 4, of the Office 
Action, the end of the long paragraph, line 7 up). 

However, structural elements 19a and 19b described in Figs. 7(d)-7(f) of Otsubo '714 

represent bonding layers, not plugs. Thus, the ceramic honeycomb filter comprising a plurality 

of honeycomb structures, which are bonded with the flow paths in communication with each 
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other via a bonding layer disclosed in Otsubo '714 is completely different from the ceramic 
honeycomb filter of the present invention comprising the first ceramic honeycomb structure with 
desired portions of flow paths sealed by plugs at one end and the second ceramic honeycomb 
structure with desired portions of flow paths sealed by plugs at both ends are integrally bonded 
with plugs abutted to each other, such that the first ceramic honeycomb structure is on the 
upstream side. 

With respect to the Examiner's obviousness-type double patenting rejection set forth in 
paragraph 8 of the Office Action, Applicants submit that the scope of newly amended claim 1 
and its dependent claims 2 and 4 falls outside that of claims 1-6 of Otsubo 6 714. Therefore, we 
believe that patentability of the present application is not destroyed by Otsubo 6 7 14. 
Accordingly, Applicants respectfully request that the rejection be withdrawn. 

Conclusion 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. 

If any points remain in issue which the Examiner feels may be best resolved through a 
personal or telephone interview, the Examiner is kindly requested to contact the undersigned 
attorney at the local Washington, D.C. telephone number listed below. 
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The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 




WASHINGTON OFFICE 

23373 

CUSTOMER NUMBER 

Date: November 6, 2008 
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PROBLEM TO BE SOLVED: To provide a 
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durability and does not cause the occurrence of 
crack due to thermal stress in using, and their 
manufacturing method. SOLUTION: The honeycomb 
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h, -f^>KT/l'5- 1 >AS.O i ' t r^.Acr)ffi^^j;i9 
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e-Cr-Allil, Xfi^HS i b S i Cfrtth 
Z. b * W«t -t* If *II 19-2 8 tfOV vtfhj&>— JHtelE 

[ if *n 3 o ] wt&s 1 9 - 2 9 <7) v * -r^*- Jitcia 

u »^>futaaiE«itjajB, sg*tLT^-#A#;£f§, 
su <k^x\ m^-*j±wbmm.mzm®m^%h 

«£?Bj8U 1KR«RBWt^-*A*S, IS 

[ If *JH 3 2 ] KfWB*. A>f y 

a. set. K/^xrAftsayRUT^N-^Aaw^ft, 

iJCWC. lgyN-^A@|5W^. SD&APilB&tfSEIfrfflP 

jmaiPffiffi-csv^HcgfttLT^-^A^^;^ 

Lfc«, »f -I. i t ^#mtt-^.^-^A7 ^ )V?- 
[|f*JI3 3] SWtt, A>f >¥-mf*.*WLM 

<Jtt IS^-^ A#:tO^APffiffi&^M#mPSffi 

tJd'tft*a!<oasi?Lt . 3SKtffrAPifiB&tf3ESKI& 
mPSWTS^3VHcg*ftLTSf*t^-#Afli£^ 

* . is a w t^-# Affrt ts tt*»aBi?L<?3aa»*-i*i t 

mhxm^Lx-witLtztk, nmtnoLL. 

m. 

[W*ii3 4] mmiM. A>r yy-mffczmm 
- # Aft:coiis§A psBMat^aasai psa^aat- s ^ 



K^-^A*i;IIMWtPIW«^ffi-^e&. KSM 
fx&ffifc. 4*5r< fcfcSH»AP«fflJ1*fiiatXl4SE»ajP 

T\ ai^issftt-A-^A^, is«-^*^^lt« 
a 7 ovf-nwrnxm. 

u %^Ktdmmi*m&, m&Lx^-ti&wbLtz 
fBnsatxawajpjBiiifcWWs iHftoaaiTL* . ssse 

BAPSlHaVR8H»ffiP«fHT5l ^ iff t LT 

guw t *j (t h aBi?L«aa»*i*i t nawc^ff , 

^< taESAPSffl^JlSI5Xi^S§mP«B^Jlia5 
ISvN^A^^/^-gPW^, Mf^M^tTffi^L 

&vvt\ S^-^A^^^LT^^^AgpWi: Lfc 
f*. K^-^A§UW<73^Sr7JDlL. ^V>T'\ W^~ij 

A9w«aa»APSBiifavsB»ffl pffiwtsii-r s 

Wtffiiit, ^< fc fcSEBAPSBBW-aatXIiSE 
U «Rtf5K-'^*A7^/^-9Itf*, IS® 

«ak-r*ii««3 1 -3 6^v>m^-JitciB«swN 

— ^ A 7 ^ ;V^-coMia^rSo 

[|f*Il3 8 ] lf5Rll3 1—3 7^V^-m^— JR££ 

a. 

[|**«3 9 ] If*lfl3 1-3 8cOV^-m*^tfS 

m?t h z. b b -t h t^-A a ? ^ -cowmx 
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liti&R4 1 ] W^-AJtiteXf&B&ttmlEJ&ft 

e -C r-A 1 %kitm, X(4^«S i fc S i C 

i fc & M*3H3 1—4 OtfHvtfhj&»-Jlfc!E 

[ I**IM4 2 ] ffi&B 3 1-41 (0V vtfhj&a-jatiE 
[fPJ^BWfeiiHJI] 

[0001] 
[0002] 

Jt*W*ffll^*LTV^4. 4fc. f{- tf^xy^'y*^ 
[0 0 0 3] £<0±3£BWCffiffl3*i6^-#A« 

[0004] 4 fc. flEffiBWC i 0 AflfiftfW* 
«fc i9^tT-#:-ftt3t^-^A«jS*X(i^-^A7 

[ooo5] mmjiZimT burnt lt. ffi 



Xi4\ USP4 33 5 783-§-^$g«4, 
[00 06] 4fc, 1-5124 O-^&fgfc 

jftcLfcft, ^o«^gP(c'Mfi5;f*oi£^«j^^v h ij -y 
^^awksatwtcra— - t\ a>of»K*oi£#8 o o 

"CfcBWC 0 . 1 SSUTFfcSrS-fe^S y^S^ffJW 
WB SPT'S-^S fix \ \$ fc#> , »UE2J t 

math fc<or(±**»ofc. 

[00 07 ] 4fc, 1 986^c7)SAEf^S:86 0 0 

[0 0 08] Sfefc. WHPl 1 8-2 8 24 6#^«tC 
(4. S»tf>^~#-M: 9 ^<tfc=<^ 

[0009] 

1 4 V «A*fefc Wife* ^7 A«»* , JS—fiJ* 

7 4>v9-, Rv'^ti^mm.um^mm'tiztizh 

4. 

[0010] 

[iUffi^jp^s^rt^gg] *SMHti*ur, psm 
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wc^ftftf^a^. ^-*<t^. iHKAPsa^JigG 
RV/xiamiii ummzmmzmm-t&m&Z: #^ 

[0011] 4£. *f|BJt iftif. H£t «fc 9f±« 
£>;fu ^i&APSa&t^i®ftPffiatSMf-ft^I^ 

JBHTSv ^H, Hz mi t § *rc v * * ; A 7 >r * - 

-x? -f /i-^-gw tmmmzmttmcomnr®mz «t 

OAI #:-ffc£;flT:5rft.A— -f — 

X'fo-oX, :coa-*A7 aWKtsttiBteH 
2A ^3r<i:i>. »H»APiBiS^JSia5X{±SE»tfJPiHBB 

[0 0 12] ,I*l^-#A«^&tPN-#A7-r 

) fctivvcii, ^N-*Aawftvs^««<© 

M^J^S i t S i CfrbKk*). J\~#A>ffittC0S 
i / ( S i + S i C ) f'fflSSixS S i £*S#5~5 
011%T* 0 . ffi^-SEW<50 Si/(Si+SiC)T 

m^fx£K>^<. itol 0-8 0 M-%T'£>ft i cr> k 

[0013] 4*;. *^a<a>v^^.AflK©ft^S{ctJv^ 

; t * l< . wfemo&st&am'* mesapsb^i- 

MflKXU8K»ffi P a»hJ3JSW> SBi7LoJtt»*l*I t , 
H*rt££f**^— tfAMSStfeo^CWU 10%£l 
±co& 5 Tifctt *xT i^rt. XJiif g&AP3«hJII 

xmi- t>tix ui>^t t>mt u*. 

[0014] £ £>(c. *5MBWN-^AH!9S*Sf 

wcti. m^m^m^m^^<bh-m\z, mmm 
«tm*£js#fc ^&jfcmMm { m&ztix # 

#?4L<. <r<DHl. 3E«^«c^y^W. /\-t/j*1» 
ttcD^yf ^co 8 o xvxrxfoh z t . X{i^«i5«co 

co^Sr < 1 1 v W*^-;* SrStJ^ft i t »i L i 
[0015] § +^a^\-^Afl|9ft#* 
tfc^Til ^— #AaJ*ftf>±j£4h& f , 3— sot 54 

k A7^fi, t/ps-ta xk*;k mils*, mm. 

i^=5r< h£> lfflcO-fe^S XliFe-Cr-Al 



Hit, MMEfcfflftS ft. 
[0016] AW. *aWIfc«J:*tfr» fflK, A>f 

s . ^-a j±mz& ft § asi?L«aas^rifii t 
^Lx-mtLtzm, ms£t&zt*mib-i-&^-*r 

[0017] ifc, *f|HHt i#t(f , Mft»*. 
T^-^A#:t Lfcft. set. ^^-^A#c^^)^<:LTv^ 

SmWfcTff^riiffc:, ^=5r< fc t^APffiH^MSPX 
[0018] § A^sjtc IW1 Mm*. ^' 

xl. m^x\ ^-*}j±fabmMmzmtfm<7>m£m 

[0019] § <t,t4fc, *»BBfcJ:*ur, #1 
?L^HStB&*r r^j t SHtWfcTff =SriS t . ^=5: < f: & ^S&A 

psH^hJ5gpx(±?maipffiffi^f-Jsia5t^-rftsgcs- 

L. ^c7)f^^ft;t^#at^-ft^-^A«it#;c7) 
Mat^^'ffift^^fto 

[0020] s 6t4fc. *5miiz£tti£. mmm 
mmLx^-x&tkbLtzm. setc. j\-#j*#0> 

^< t taa§&APssH^a£Xi±sgB&ajpsssH^aj 
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[0021] § h^zttz. *wmzxm£. mm 

warBBfc, 5i«sr< t fc^AP^wa«xtiaa»aj 
p^wswcssh-sjss & m *x-&wm t , & 

T-flsftLfcf*. jftWii k Sr^t^^-^A« 
[0022] ffcfr, *li(:J;M, KB©*, 

&&ffi&mnmm tzmtrt ^m^,mm , swap 
sBHRtf awtfiPifBrcst ^ t gjf t lx mi 

BfflW^AflcfcfcftsaBKL 
wM^fak^MB^WSrHtc, i!«Sr< k kSflf&AP 

^x-mz&f&L. &we. aac^Bfft^-^Aft 

[0023] ifcfc. *%mtZ ifllf, A-f 

T^-^Aflsi: Lfcf£, IK, ^-^AttSrg&fcLT^ 
-^ASW£#, ifcwc, ^-#A#5tt<7), ilB&APffi 

HavawaiP«iif(c»r4^»«o8Bi?L* . ss&a 
nmm&x^mta nmmxK^m^z BMtLx^-x 

A7 4/k*-**f*f|*U ifcwc. ;N-#AffckSgfi 

mi-z>ffi®*WMx-mz&!&L. <k^x\ Mk<o^- 
#j»7<fr?-*m*. m&mzjYLxm&Lx-Mt 

[0024] § *5MBt i*Ur» Mfftt*, ^ - 
A V ¥—TSCLfi$. & iMM L , f#^tifcil^!|*£j£«?. (ft* 

isavawaj psiffcjew- * £**>sii?L* , ses&a 

PJBBfat«ffl»ffi PJBHT5V>iH, >fc g tf t LTB^ft 

WK^tf ^w* . g*f t^-$ j*mz& s sbb?l<3S 

fffc^k|slWMtW5:ffi£, i!«Sr< k taa&APSBH 

ftmmximi&ttammftmmzmwi-t&mffizm^x 



[0025] § mtiwtzktui. mmm 

WBfcJniU iKvvC, ^^XrAflscoaWAPfflBaV 
w^B&tti PSHt «3W § *»tf>8BI?L£ , SEHAPiHffi 
&tXSK»aj Pffiffi-CSV ^5tV *fcB#f t LT Bit IV 

m&m $■ . as t> a*k^ tt*iieRL^>a»*-iftF 

tH«WKW^fflt. ^<fct>a»AP«iif*f-JS9! 
XliStKifJ PSH^fil»fc«8IW- *sh»s-i»v Bf tc 
SSL JfcV^T. «it«BWt^-^A#:^. ^-SS- 

[0026] s^tifc. *»w(c«t*ur, jam 

XK^M^zSmtLX^-AJ*? -tJlsf-MttZim: 

a-*A7 ^;t-^-i5WfcfcftSgiEil?L<503Sfi&^rinikll 
WWKTIt^rHt, ^=5r< fc fcSUfcAPSBBiMMtXtt 

swaspfiiii^fflafcsaart-^iiaJtHt^-c-affcjBj* 
zftLxmarLx-mtLtiW:. m.m-z>z\bitw$kb 
[0027] s 6(c*fc, *%mz xttii, w.fm 

MJ«LT^-^Ag|5Wk Lfcft, K^^Aaw^HB 

mtiznMmfcmtt&zwLVffiagL** sebapjib 

a-^A7 -r/t'^-aWffciJttftSBl 

pjgffli'hjagex(±siaf&aj pssn^jaacssK-rs sfsaf ^ 

■^-4 i k * k A 7 a IV *-0>«t*$fc&* 

[0028] ,m^^-^A«jS#:^»it77ST- 

[00 29 ] £ fc . y ^ A«Stt^ffiiJHcA^& < 
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[0030] * fc, S^Ji »fc»J« tJtffi£7) , ffi 
[003 1 ] ;^#A|»#2Mfl&£Jic9±J£#k LT 

e-C r-A XJ4^«S itSi Cj&»&3:4 

-rk^SFiLv*. 

[00 3 2] 

Ts r ^-#^SPWfj k^fB&LTV^dk^ifcS. ) 

[00 33] 4 , *^#a£ftfftff J: 4 k . £ 
fttAlV^i; otfc 0 , *%HJX14 , ffi-^-ffi 

# A«3t^(c*^^4JfM5;fjfcffi»$- 4 - k , 

[0034] tar. *mm\%h^-*^mmfom<n 

[0035] *«Efcffi4^^A;f*j^Wi, PiMt; 

□SBftJeW* ^R«SB1?L* » iSKAPSBffi&tfaK 
[0 0 36] ;irA«tf^fc:tSV* 

[0037] tfz. MStlZi. r)m$&tlh<t>VCDJz}V 

#l:LT. 6-2 0 00W¥^>-f (0. 9 — 3 
1 1 -tr/k/cm 2 ) tfift L< , 5 0-4 0 0Wf 
^■-0-^(7. 8-6 2Wcm ! )tfB:KL 



[0038] 4fc, ^-^Agp^Off^t LXii. M 
Pimm*. *(?)*>£M*M&l;o£.Wtf3&Hz3 
jfflXte 4 ftWttzWm L , ttTfft k SK7J[S] <7)Wr 

C-SHHT 9 4HWJ2LLfc«Jli t — Wtfiri^fc MfrfotfO 
[00 39] ffltfu *«BHfctJtt*^^*Aatffli, 

K r/i^S^ xtr*/K JSfti^S. S-ffcS*. 'Jf-> 

18M5S7^X, Fe-Cr-Al^I^I, 
i k ##4 L< . tfrc fc , JSE****!* < M t^v * 

[0 04 0] ±fc, *5MBfctJV^TI±s ^IS i fc S 

^AgPW^S i / ( S i + S i C ) X'm&^tlh S i -f- 

5-50 mm%x-h z>c\tmitL<. 10- 

4 0SS%T'^S^k^§^«f4Ll\ 5*g%5faH 
SBiiCpJ£-r4«^& "9 , -77. 5 0li%JSi.§i 

[0041] *fKHfc*jv^J4. mmuz smt-ti 
n$it3mz^xmzfflmz%<. mtn, ^-^a 

[0042] *S6TOtfev^N^rAatttii, A32l!L 

^-rs £ k t «t Off 4 £ t *^C* 5 . 
[0043] *3ftTOfc*stt*vN-;«rASWfli s ^t&« 

^h®«j[ii{4. m&Lx'&t>ti&^-#j±mzmLx 

[0 044] +^MHTfflV^*L^<>f vr— k LT 
{4. M£{4\ tHn^fy^f/Hr^D-X, ^f-^-fe;P 

f;l/-fe;ln-x, X(4*.°U tr^T/l-a— ^#*#(f S 
£ fc*«T# , £fL^^W y^-{4. -«*ttTAi4-a 
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[0045] *w*nxi$. %<nmz, mmm 

[0046] &A-rft*fD*teL M«» ±34Lfc^* 

mm o omMMizttLx. i o~4 ofisasesT* 

•9, **SA«, »6*ufc«£«S£, *^±M«#T" 

[0047] gmxmii. m&]tw&#& l < . 

[0048] KflBfrffii: LXli, MZlf. mm 

sssl -r>f^n«aa», asm*, «ei£*£. «sk 

tiL MSB^fraWfii 4: ifi-Cfc. m£ 

[0049] 4fc,^KB^*A7^^-(C*i 
wc, iBBL*BJJfc"*-SIRfc:Ji. JjJ^8£*if&c9^-# 

T^-*A7-f^-aWtUT«>±^. f>Tfc, git 
[00 50] ^f&BJjtfcUTli. :jti:<7V\- #A§W 

a^S;ftx-tt-ffc$;fvc2:* fcmrfc 0 , Stew**, 

[00 5 1 ] *BJ5ffl»4i, r tt^ffij fcti, 

v^rV^P^S&H-ft. St. rUKWtWf^rllj t 

KHTfflc^SBST WC^r v t -§tf KB* 1 ?* ft „ 
[00 52] 188m$i\^x\±. Ste*ffli, S^ffi 

tsreiawfc 2 arof jeLhfEas § *vc v ^ ft t to , m&m 
waawfcsss tiT s t, to , <7)v ^mt t> «t v ^\ 

mwtmzm&ziix^^&iintimt l^k 

[00 5 3] SteflWsfOJBtti: LTfi, Mi 

^TJS, ZE^TJFA mm. SffA ffiR. PfiB. b5»^ 

[00 54] ^N-^AflfitfMftOSHftA 

^rreitc. l^ftco^#A«®#;i£«£ft£*tL, l o 



xpjLhto&z-cmmztiT^&zbtm&LK. 3 o% 
izwm-th ; #x-# , ? 5 v ?^ofS££fWJ lba 

ttSr H4±S -£ft i t tfi-CS ft . 
[0055] ttz. &m^mi. ®:^-*Ail# 
^WJSA PSH^hJl gflXiisfd® ffi PiffiIiSWB»*» 6* 

MLX10 %&±<7)MZX'Bf&ZtLX^& Zbtf&t I 

W Att S- S t rtLLS -tir ft i t § ft . 
[00 56] tfz, *#j}(:J3Ut(l ff^^/N- 

H (t ft AflBtfls . i^tS&m □aHHS.tXSSBS 

s&%4 lis i ^AHft ^ & mm izsm&tsn t * o , 

^ 5 -y ^ ^0>?&±* WKfcfMW- ft i t ^X" & ft . 
[00 57] jg^ #»DI*iVvCtt» # 

^Dtt^aW^M^tcSBS^xT^ft ^ t »i Lv^ 

mtn. mil ( a ) - ( d ) fcsrr± a t. *® 

^1 ^-^A«3t*^^C«^»tc. #^ 
W» tiEB-f ft i> -5 T & i V 
[00 58] ftb^r. *aSWttjtt*»^«li, ±j£cr> 

[00 59 ] mmWzte. ^-AJ^MtfcVtZZTjK 
liFe-Cr-AlMIfK^O, v>-*Ag|5WW 

^fc^tiss-frfcfc^^wi ft . 

[00 60 ] flfcti\ f^—^J^mUP^MS itSiC 

£ ± Jfcfr ^ ft ^ £: i L ico^cd. Si/ 
( S i + S i C ) fS5g§aft S i K^rSti 

SM%?t>& i * Lv\ Si ^ft^s-^Agp 

*§^r*^ 0, so mmx^Mt ft t . jt?S'r'£7)WK'fbtt 

^3t^t^ft«^* i '<fefto 

[00 6 1 ] *fMHfc*iV^» ft^awii. ^-^A 

[0062] i>-^h€>. 2WfiBHW^*AaKe*tti 
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4 ^m^mnzm^h z\bhx~£h> ttz. *»a 

i a 4 0 ffi-^SPW^iattT *> 4 ^ . 
[0063] S^rS^ffM-TSTjffit LTJ4. F/r?£<7) 

^. i££«4. ^-A^mtmcoms&mzizz 

[0064] *5MH<0vv=:*Aflfia*^Ii, 4 3 

2 0 0—4 0 CCtfjfiflrCfTO £ tWi U\ 
[0065] *»!HKti^T« . *Ste*tf>3«5: < fc 

[0066] ft, *Il<7)A-^A7^^-tt« 

^R&it-r^. i t #*c& * fc «>(c, sa»AP*BM i 6 a 
4 tm ffi-r & s» t: 4 o a ^ ^ * - 1£ t s & 

[0067] mJS*aitm*±JR^i: -T£?E*SP»i: 

MiA^f y^-^*a^LTfflv^Tt> 4v\ 
[0068] *96Wfcltittft^a(iaWi: LT 

4 0 /Jn$ V t , < t *> V vtfhj&»— SUM"* 

[0 0 6 9] iJKfir<i:t>. ^il^V^-rtl^-772riSH 



T4jSilli{f!MBe» (JIS1601)(cJ:Offlset>t 
[00 70] *5MBfc*JV^TJi, 

w^m^jlt. rnmit^m±.^^^bhHfiL^\ 

[00 7 1 ] 3£«aiWI±, ^^^Agp#^Xf4^ 

[00 72] £ ft , *^HJ!tcfc V vc {4 , SNH^rtffi 

[00 73] +^WBfc*JV^T, — #:-ftt?t^-^Affi 
jg#;*i4. «f^?LofSffi^ri6itSit*|6i<0BffflJ^K36 5 , 

[0 0 74] ±fc, *^MBfctJV^Ti±, roidS:^ 

^L<i4^-f 5-^jBMS6B<0»j!Uy^^)JIKfc. XJ4 

fctt, tfAflBtf^teHittr, Pt, Pd, Rhfo 

[00 7 5 ] A-*A7^^-fcL,tfflV^ 

T-r§ or . S«!e^tc b - ? -^OJuS^gTv A 

t ^fi 1 ^., Hot, 
^i.7^ ;l^-<7)*S-S-tt4. 7 -f /i^-I4Mf« 

[00 76] J21T, *»"HtHiBtcSr«lll0KllfcUI 

[0077] 01(a) (b)(c)(d) (44:%« 

S.Hl(a) (b) (c) ( d ) tCS^-^^Aflfit 

(HI (a) (b) (c) (d)T\ XJSrrtFt?*^-. ) 
KJtii-f S^ROSSBITLI 1 SrW-r4^N-^AgpW2 1 

ii4. ^-^z>atW2 i bmmmzmw»cr>&^m2 

51Z2: 0 . SBfiTL 1 1 (?DiW»* ^ X fc Kfff« 
(Sf^H) 2 2T«-^§ixTfc l 9. z\<F>m-£;m2 2<7)o 

*>* *ffi-&ai 2 14. mmnwwumi ^^zmmt 
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8*-£//cKw-6#t, m&mt2 5(4. 

[0 0 78] HI ( a ) (C^VN-#Affji 

ttl 0(4. *ffi-£§Pl 2j&\ ^B22C0'5*>. SEl&tti 
PSffiffil 4M>*ffl!lffil 3t««W--6«»0-9I*^ 

t\ mmi 3tip>$>j\-#j*m&&i o^^mycrm 
tfaa&APsra i 6*^^^^^ < &4 4 5 t<w> 

(cffMSftT^-S-o HI (b) 

Jtftl 0(4. *®^SP1 2#". R«tSE»fflPJBffi 1 4 

*^sn 2<nmmmmx'h v ) . mm \ 3& 

1 6#W£R— fc^i3fcJR£3;h.T^£. HI 
1(c) Cl^v^^Affiiititl Oil. *J££SP1 2 

«^S22co^-^. ami 3izssw-&aisa^fle 
t . ss&ajpiHffl 1 4 tawM-*— lira i 

3 jt>>£>;\-#A*f itffc 1 0 *)(tMM5TI*l Y0D«!G*aWAP 

SIi 6 ^riftitc«i« < 4 a tM#>(;ffM$ti. 

TUl., HI (d) t^tV^^Afltilflsl 0 

(4 . *Ste* 1 2 i)\ ffi^rffi 2 2 « 3 *> . fjffil 3 (Cfg 
art-&3&fc£fri:, SK»ajPSS8Hl 4&tfM»APSSB5 

[0079] Ell (a) (b) (c) ( d ) tjjrf ;\ 
-#Afl|ilflsl 0T14. «FJW&«SX(4ffi&W4 33r 

iftKitfewa-a 1 * tT t . ^-^A«3t* i o w# 

[0080] Wtc. H 1 ( c ) ( d ) (c^fvs- #A 

#; i o^*ts^± o%mmmmiz&^xmz?i®T$> 

[008 1] H2 (a) ( b ) fcjjrSv^^flBBffc 
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(57) A honeycomb structure comprising at least one 
main honeycomb structure 10 and sub-honeycomb 
structures 21 , 22 axially disposed, in series, on both end 
surfaces of the main honeycomb structure 10. Partial 
plugs 1 5 are constituted for some of the cells 1 1 of the 
main honeycomb structure 1 0 by facing the intersecting 



portions of partitioning walls 211, surrounding the cells 
of the sub-honeycomb structure 21 disposed adjacent 
to the main honeycomb structure with some of the cells 
of main honeycomb structure, and the arrangement of 
the partial plugs 1 5 at one end surface 101 of the main 
honeycomb structure differs from that at the other end 
surface of the main honeycomb structure 10. 




CNI 

< 

CO 
CO 
CO 

CO 
CM 



CL 
LU 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 231 363 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a honeycomb 
structure used for a filter for purifying an exhaust gas or 
the like. 

2. Description of the Related Art 

[0002] As means for removing particulate matters 
such as fine carbon particles and like particles emitted 
from an internal combustion engine such as of an auto- 
motive engine, there has been employed a method of 
once trapping particulate matters by using a honeycomb 
filter and removing the particulate matters by heating or 
burning them using a heater or a catalyst. 
[0003] The conventional filterfor purifying the exhaust 
gas employs a honeycomb structure in which, as shown 
in Figs. 12 and 13, one end of cells 90 of the ceramic 
honeycomb structure 9. with both ends, are alternately 
closed with plugs 95. That is, referring to Fig. 13, the 
end surfaces 91 on the upstream side are alternately 
plugged, checkerwise, for example, by plugs 95 at the 
end of the cell 90. The cells having plugs on the up- 
stream side are left open on their downstream side, and 
the cells which are opened on their upstream side are 
closed with plugs on the downstream side. A catalyst is 
carried on the partitioning walls 98, depending upon the 
kind of the filter for purifying the exhaust gas. 
[0004] The above filter for purifying the exhaust gas 
traps the particulate matters on the partitioning walls 
thereof when an exhaust gas from an internal combus- 
tion engine passes therethrough, and the particulate 
matters are removed by being heated and burned using 
a heater or based upon the catalytic action. 
[0005] However, the above-mentioned conventional 
filter 9 for purifying the exhaust gas has problems, as 
described below. 

[0006] That is, as shown in Fig. 1 4, particulate matters 
88 trapped from the exhaust gas 8 flowing into the ex- 
haust-gas purifying filer are not necessarily removed by 
burning in good timing, so that they are often deposited 
gradually on the partitioning walls 98. For example, 
while the exhaust gas 8 of a low temperature is being 
emitted from the internal combustion engine, the burn- 
ing does not take place despite the catalytic action, and 
the particulate matters 88 are simply deposited. In this 
case, the pressure loss increases when the exhaust gas 
8 passes through the filter i.e., through the honeycomb 
structure, and the filter is abnormally heated and may 
become cracked or melt-damaged by the heat of burn- 
ing. 

[0007] Further, the process of plugging cells of the 
honeycomb structure at the ends thereof requires very 
cumbersome and laborious manual work, hindering ef- 



forts to decrease the cost of production. 

SUMMARY OF THE INVENTION 

5 [0008] The present invention was accomplished in 
view of the problems inherent in the conventional art, 
and provides a honeycomb structure capable of sup- 
pressing the occurrence of excessive pressure loss 
caused by the deposition of particulate matters and of 
10 being produced at a decreased cost. 

[0009] According to one aspect of the present inven- 
tion, there is provided a honeycomb structure compris- 
ing at least one main honeycomb structure and sub-hon- 
eycomb structures axially disposed, in series, on both 
15 end surfaces of the main honeycomb structure, wherein 
partial plugs are constituted for some of the cells of the 
main honeycomb structure by facing the intersecting 
portions of partitioning walls, surroundingthe cells of the 
sub-honeycomb structures disposed adjacent to the 
20 main honeycomb structure, with some of the cells of the 
main honeycomb structure and the arrangements of the 
partial plugs at one end surface of the main honeycomb 
structure differs from that at the other end surface of the 
main honeycomb structure. 
25 [0010] The actions and effects of the invention will 
now be described. 

[0011] As described above, the honeycomb structure 
of the present invention is constituted by combining the 
main honeycomb structure and the sub-honeycomb 
30 structures. The sub-honeycomb structures work as par- 
tial plugs for partially closing some cells of the main hon- 
eycomb structure. The partial plugs at the left end sur- 
face of the main honeycomb structure are arranged dif- 
ferently from those at the right end surface of the main 
35 honeycomb structure. 

[0012] Therefore, the honeycomb structure has a 
construction such that the openings on one end of the 
cells of the main honeycomb structure, between both 
ends thereof, are at least partially closed by the partial 
40 plugs constituted by the sub-honeycomb structure. 
When the honeycomb structure is disposed in a fluid, 
therefore, as the fluid enters into the cells a difference 
occurs in the flow resistance of the fluid, depending up- 
on the presence of the partial plugs, in the upstream end 
45 surface of the main honeycomb structure. Accordingly, 
the fluid easily enters into the cells without the partial 
plugs at the upstream end surface thereof. 
[0013] In the cells having the partial plugs on the 
downstream end surface of the main honeycomb struc- 
50 ture, a condition is established wherein a fluid encoun- 
ters a smaller resistance, when it flows through a parti- 
tioning wall into a cell without a partial plug on the down- 
stream side, than when it flows to the downstream side 
through the partial plugs on the downstream end surface 
55 of the main honeycomb structure. When the honeycomb 
structure is used, for example, for a filter for purifying an 
exhaust gas, the exhaust gas, which is the fluid, flows 
through the partitioning walls at a larger flow rate than 
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when it flows through the main honeycomb structure 
without plugs, so that it is possible to trap the particulate 
matters in the exhaust gas by the partitioning walls with 
improved efficiency. 

[0014] The plugs constituted by the sub-honeycomb 
structure are partial plugs which do not fully close the 
cells of the main honeycomb structure but only partially 
close them. This suppresses the problem, as explained 
above, that occurs when the cells are completely closed 
by the conventional plugs. 

[001 5] That is, when the cells are completely plugged, 
only a little of thefluid flows through the partitioning walls 
under an abnormal condition where the particulate mat- 
ters have been excessively deposited on the partitioning 
walls, and the pressure in the cells rises excessively. 
According to the present invention, on the other hand, 
the cells of the main honeycomb structure are partially 
plugged, so that even in an abnormal condition where 
the pressure has been raised in the cells, the fluid flows 
through a space in a cell left by the partial plugs, and 
the pressure is not excessively elevated. 
[0016] Further, the sub-honeycomb structure has the 
intersecting portions of the partitioning walls facing the 
cells of the main honeycomb structure to form the partial 
plugs. Therefore, no cumbersome production process 
needs to be executed, unlike the conventional plugging 
process. This makes it possible to produce the honey- 
comb structure at a decreased cost and more efficiently. 
[0017] According to the present invention, therefore, 
it is possible to suppress the occurrence of excessive 
pressure loss caused by the deposition of particulate 
matters and to provide a honeycomb structure at a de- 
creased cost. 

[0018] According to another aspect of the present in- 
vention, it is preferable that the ratio of the total length 
of the sub-honeycomb structures in the axial direction 
thereof to the length of the whole honeycomb structure 
in the axial direction thereof, be in a range of from 5 to 
60%. When the above ratio is less than 5%, the honey- 
comb structure has a decreased strength and may be- 
come cracked. When the ratio exceeds 60%, on the oth- 
er hand, the main honeycomb structure possesses a de- 
creased filtering area, so that it has considerably de- 
creased capacity to trap the particulate matters. 
[001 9] According to a fu rther aspect of the present in- 
vention, preferably, both the cells of the main honey- 
comb structure and the cells of the sub-honeycomb 
structures located at the ends of the main honeycomb 
structure, have a square shape and are arranged with 
their sides being inclined by about 45 degrees relative 
to each other and intersecting. In this case, the inter- 
secting portions of partitioning walls of the sub-honey- 
comb structures can be regularly arranged relative to 
the cells of the main honeycomb structure, and hence 
the partial plugs can be regularly arranged. Therefore, 
an enhanced effect is obtained by the arrangement of 
the partial plugs. 

[0020] According to a still further aspect of the present 



invention, it is preferable that the main honeycomb 
structure and the sub-honeycomb structures be joined 
together with an adhesive. In this case, the main hon- 
eycomb structure and the sub-honeycomb structures 
5 can be firmly secured together and deviation in the po- 
sitional relationship between them can be prevented 
during the use. 

[0021] According to a yet further aspect of the present 
invention, a casing is arranged to surround the honey- 

10 comb structure, and the arrangement of the main hon- 
eycomb structure and of the sub-honeycomb structures 
is secured by the casing. In this case, it is possible to 
omit the step of adhering the main honeycomb structure 
and the sub-honeycomb structures together, and thus 

15 to simplify the production process. 

[0 022] Acco rd i n g to a sti 1 1 f u rth er aspect of t he p rese nt 
invention, it is preferable that the main honeycomb 
structure be made of a ceramic material. As the main 
honeycomb structure, the partitioning walls thereof can 

20 be made of a metal or any other material as long as they 
can have permeability. Among them, a ceramic material 
is preferable, because it can easily realize the honey- 
comb structure having partitioning walls, with pores, ex- 
hibiting permeability. 

25 [0023] The sub-honeycomb structures may be made 
of a ceramic material, a metal, etc. 
[0024] According to another aspect of the present in- 
vention, it is preferable that the intersecting portions of 
partitioning walls of the sub-honeycomb structure have 

30 an increased thickness. In this case, the partial plugs 
exhibit an enhanced effect. 

[0025] According to a further aspect of the present in- 
vention, there is provided a honeycomb structure in 
which a plurality of honeycomb structures are arranged 

35 in series, and partitioning walls of a first honeycomb 
structure are disposed so as to face at least some of the 
cells in a second honeycomb structure, and when a fluid 
flows in the direction in which the plurality of honeycomb 
structures are arranged in series, the flow resistance of 

40 the fluid in a passage formed by a cell defined by the 
partitioning walls in the second honeycomb structure lo- 
cated on the upstream side of the first honeycomb struc- 
ture varies from a next passage formed by the adjacent 
cell, though all cells of the second honeycomb structure. 

45 [0026] In the honeycomb structure of the present in- 
vention, each flow resistance of the fluid flowing through 
the cells in the honeycomb structure located on the up- 
stream side is set to differ between two adjacent cells 
by the above-mentioned combination of the plurality of 

50 the honeycomb structures. Hence, a fluid entering into 
cells having high flow resistances flows through the par- 
titioning walls into adjacent cells having low flow resist- 
ances. Therefore, a notable advantage is obtained 
when the above-mentioned honeycomb structure is 

55 used for the filter. 

[0027] According to a further aspect of the present in- 
vention, there is provided a honeycomb structure in 
which a plurality of honeycomb structures are arranged 
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in series, and partitioning walls of the first honeycomb 
structure are disposed so as to face at least some of the 
cells in the second honeycomb structure, and when a 
fluid flows in a direction in which the plurality of honey- 
comb structures are arranged in series, the density of 
cells of the second honeycomb structure located on the 
upstream side is higher than the density of cells of the 
first honeycomb structure located on the downstream 
side. 

[0028] In the honeycomb structure of the present in- 
vention as described above, the density of cells in the 
honeycomb structure on the upstream side is higher 
than that of the honeycomb structure of the downstream 
side. Accordingly, the open surfaces of the cells of the 
honeycomb structure on the upstream side, which in- 
clude the portions facing the partitioning walls of the 
honeycomb structure on the downstream side and the 
open portions, can be easily formed. It is therefore pos- 
sible to set the flow resistance of the fluid flowing 
through a cell in the honeycomb structure located on the 
upstream side so as to differ from the adjacent cell there- 
of. Hence, the fluid entering into a cell having high flow 
resistance flows through the partitioning walls into the 
adjacent cells having low flow resistances. Therefore, a 
notable advantage is obtained when the above-men- 
tioned honeycomb structure is used for the filter. 
[0029] According to a further aspect of the present in- 
vention, the above-mentioned plurality of honeycomb 
structures can be arranged with a gap, which is not larg- 
er than 1 0 mm, between two adjacent honeycomb struc- 
tures. When the gap exceeds 10 mm, the effect of ad- 
justing the flow resistances between the adjacent cells 
on the upstream side is not achieved to a sufficient de- 
gree despite arranging the plurality of honeycomb struc- 
tures in series. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

Fig. 1 is a perspective view of a honeycomb struc- 
ture according to an embodiment 1 ; 
Fig. 2 is a diagram illustrating an end surface of the 
honeycomb structure according to embodiment 1 
as viewed from the direction of an arrow A in Fig. 1 ; 
Fig. 3 is a diagram illustrating an end surface of the 
honeycomb structure according to embodiment 1 
as viewed from the direction of an arrow B in Fig. 1 ; 
Fig. 4 is a view illustrating a filter for purifying the 
exhaust gas according to embodiment 1 ; 
Fig. 5 is a perspective view of the honeycomb struc- 
ture according to an embodiment 2; 
Fig. 6 is a perspective view of the honeycomb struc- 
ture according to an embodiment 3; 
Fig. 7 is a diagram illustrating an end surface of the 
honeycomb structure according to embodiment 3 
as viewed from the direction of an arrow A in Fig. 6; 
Fig. 8 is a diagram illustrating an end surface of the 



honeycomb structure according to embodiment 3 
as viewed from the direction of an arrow B in Fig. 6; 
Fig. 9 is a diagram illustrating the flow resistance of 
a fluid according to embodiment 3; 

5 Fig. 10 is a diagram illustrating an end surface of 

the honeycomb structure according to an embodi- 
ment 4 as viewed from a direction corresponding to 
the direction of the arrow A in Fig. 1 ; 
Fig. 11 is a diagram illustrating an end surface of 

10 the honeycomb structure according to embodiment 
4 as viewed from a direction corresponding to the 
direction of the arrow B in Fig. 1 ; 
Fig. 12 is a diagram illustrating an end surface of 
the honeycomb structure according to a prior art; 

15 Fig. 13 is a diagram illustrating in longitudinal cross 

section the honeycomb structure according to the 
prior art; and 

Fig. 14 is a diagram, illustrating a problem that oc- 
curs when the particulate matters deposit on the 
20 partitioning walls, in the prior art. 

DESCRIPTION OF THE PREFERRED 



[0031] The honeycomb structure according to an em- 
bodiment of the present invention will now be described 
with reference to Figs. 1 to 4. 

30 [0032] Referring to Fig. 1 , the honeycomb structure 1 
of this embodiment includes a main honeycomb struc- 
ture 10, and two sub-honeycomb structures 21 and 22 
axially arranged in series on both end surfaces of the 
main honeycomb structure 10. 

35 [0033] Referring to Figs. 2 and 3, intersecting portions 
of partitioning walls 211 , 221 . surrounding the cells of 
the sub-honeycomb structures 21 , 22 disposed adja- 
cent to the main honeycomb structure 21 , 22, face some 
of the cells 11 of the main honeycomb structure 10 so 

40 as to constitute partial plugs 15. Here, the arrangement 
of the partial plugs 15 differs between the one end sur- 
face 101 and the other end surface 102 of the main hon- 
eycomb structure 10. 

[0034] This will now be described in detail. 

45 [0035] In this embodiment, the main honeycomb 
structure 10 and the sub-honeycomb structures 21 , 22 
have partitioning walls 111 . 211 , 221 in the shape of a 
square lattice as shown in Figs. 2 and 3, and have many 
square cells. The honeycomb structures 10,21, 22 are 

50 all made of a ceramic material chiefly comprising a 
cordierite. At least the partitioning walls 111 have a 
number of pores to maintain gas permeability. 
[0036] The main honeycomb structure 10 and the 
sub-honeycomb structures 21 , 22 all have outer sizes 

55 of 129 mm diameter. Further, the main honeycomb 
structure 1 0 has a length of 1 30 mm while the sub-hon- 
eycomb structures 21, 22 have a length of 10 mm, re- 
spectively, and the ratio of the total length of the sub- 
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honeycomb structures 21 , 22 in the axial direction there- 
of to the length of the whole honeycomb structure 1 in 
the axial direction thereof is made to be 13%. 
[0037] The main honeycomb structure 10 has a cell 
size such that the partitioning wall is 0.3 mm thick and 
the cell pitch, i.e., the side of the cell, is 0.74 mm, and 
the diagonal line is 1 .05 mm long. The sub-honeycomb 
structures 21 , 22 have cell sizes such that the partition- 
ing walls are 0.3 mm thick and the cell pitches (lengths 
of the sides) are 1 .47 mm, respectively. That is, the cell 
pitch (length of the side) of the sub-honeycomb struc- 
tures 21 , 22 is selected to be the same as the pitch in 
the direction of the diagonal line (length of a diagonal 
line) of the main honeycomb structure 10. 
[0038] In the sub-honeycomb structures 21, 22, fur- 
ther, the respective intersecting portions of the partition- 
ing walls 21 1 , 221 are thickened so as to thicken the cell 
corner portions as shown in Figs. 2 and 3. 
[0039] In this embodiment, further, the sub-honey- 
comb structures 21 , 22 are joined to both axial end sur- 
faces 1 01 , 1 02 of the main honeycomb structure 1 0, re- 
spectively, by using an adhesive. 
[0040] Here, as shown in Figs. 2 and 3, the partition- 
ing walls 111 of the main honeycomb structure 10 and 
the respective partitioning walls 211, 221 of the sub-hon- 
eycomb structures 21 , 22 are arranged so as to inter- 
sect, being inclined each other by about 45 degrees. 
[0041] As shown in Figs. 2 and 3, further the posi- 
tions, on one end surface 101 of the main honeycomb 
structure 10, where the partial plugs 15 formed by the 
intersection of the partitioning walls 21 1 of the sub-hon- 
eycomb structure 21 are present, are different from the 
positions, on the other end surface 1 02 of the main hon- 
eycomb structure 10, where the partial plugs 15 formed 
by the intersection of the partitioning walls 221 of the 
sub-honeycomb structure 22 are situated, which means 
that the former positions are alternately arranged 
against the latter positions when both of the positions 
are in the same plane. 

[0042] That is, the cells 11a having the partial plugs 
1 5 on the one end surface 1 01 of the cell 1 1 a as shown 
in Fig. 2 are opened, without the partial plugs 1 5, on the 
other end surface 102 thereof as shown in Fig. 3. On 
the other hand, the open cells 11b without the partial 
plugs 15, on one end surface 101 of the cells 11b as 
shown in Fig. 2 are provided with the partial cells 15 on 
the other end surface 1 02 thereof, as also shown in Fig. 
3. 

[0043] In this embodiment, the cells 11b of the main 
honeycomb structure 1 0 are closed by the partial plugs 
1 5 at a ratio of about 85% in terms of the area. 
[0044] In this embodiment, the thus constituted hon- 
eycomb structure 1 is used as a carrier to constitute a 
filterfor purifying the exhaust gas. Concretely speaking, 
as shown in Fig. 4, a catalyst is carried by the honey- 
comb structure 1 which is accommodated in a casing 5. 
[0045] The following actions are exhibited when the 
filter employing the honeycomb structure 1 for purifying 



the exhaust gas is disposed in the exhaust gas passage. 
[0046] That is, the exhaust gas colliding with one end 
surface 101 on the upstream side tends to selectively 
enter into the cells 1 1 b (Fig. 2) without the partial plugs 
5 15 due to the resistance produced by the partial plugs 
15. 

[0047] Further, the cells 1 1 b have the partial plugs 1 5 
on the downstream side as shown in Fig. 3, which cre- 
ates a circumstance in that the fluid encounters lower 

10 resistance when it flows into the cells 11a without the 
partial plugs 1 5 on the downstream side through the par- 
titioning walls 111 so as to flow out the cells 1 1 a rather 
than when it flows to the downstream side through the 
partial plugs 15 on the downstream end surfaces of the 

15 cells 11b. 

[0048] Therefore, when the above-mentioned honey- 
comb structure 1 is used as a carrier of the filter for pu- 
rifying the exhaust gas, the exhaust gas, which is the 
fluid, passes through the partitioning walls 111 at an in- 
20 creased flow rate as compared to when only the main 
honeycomb structure 1 0 having no plug is used, so that 
the particulate matters contained in the exhaust gas can 
be trapped with improved efficiency. 
[0049] The plugs constituted by the sub-honeycomb 
25 structures 21 , 22 do not completely close the cells of the 
main honeycomb structure but are the partial plugs 15 
for partially closing them. Under an abnormal condition 
where the particulate matters have been excessively 
deposited on the partitioning walls 1 1 1 , the fluid passes 
30 through spaces in cells left by the partial plugs 15, and 
the pressure is not excessively elevated. 
[0050] The sub-honeycomb structures 21 and 22 form 
the partial plugs with their intersecting portions of the 
partitioning walls 21 1,221 facing the cells 11 of the main 
35 honeycomb structure 10. This eliminates a cumber- 
some of production process such as plugging employed 
in the prior art. Accordingly, the honeycomb structure 1 
is produced at low cost and efficiently. 
[0051] As described above, this embodiment pro- 
40 vides a honeycomb structure 1 which suppresses the 
occurrence of excessive pressure loss caused by the 
deposition of particulate matters, and which can be pro- 
duced at a low cost. 

[0052] In this embodiment, the main honeycomb 
45 structure 1 0 and the sub-honeycomb structures 21 , 22 
are joined together with an adhesive. They may, how- 
ever, be secured together by using the above-men- 
tioned casing without using an adhesive. 

50 Embodiment 2. 

[0053] In this embodiment as shown in Fig. 5, there 
are used a plurality of main honeycomb structures 31 to 
33, and the main honeycomb structures 31 to 33 and 
55 the sub-honeycomb structures 41 to 44 are alternately 
arranged. The main honeycomb molded structures 31 
to 33 are the same ceramic honeycomb structures as 
the main honeycomb structure 1 0 of the embodiment 1 
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with the exception of shortening the length thereof to 36 
mm. The sub-honeycomb structures 41, 43 are the 
same as the sub-honeycomb structure 21 of the embod- 
iment 1 , and the sub-honeycomb structures 42, 44 are 
the same as the sub-honeycomb structure 22 of the em- 
bodiment 1. As shown in Fig. 5, they are arranged in 
series in the axial direction, and are adhered together 
with an adhesive. In other respects, this embodiment is 
the same as the embodiment 1 . 
[0054] In this case, the above-mentioned state of Fig. 
2 and the state of Fig. 3 are alternately repeated due to 
the presence of the sub-honeycomb structures 41 to 44. 
When the honeycomb structure is used as a filter for pu- 
rifying the exhaust gas in the same manner as in em- 
bodiment 1 , therefore, the exhaust gas, which is the flu- 
id, passes through the partitioning walls of the main hon- 
eycomb structures 31 to 33, i.e., passes through the par- 
titioning walls three times. As a result, the particulate 
matters can be trapped with improved efficiency. 
[0055] In other respects, the actions and effects are 
the same as those of the embodiment 1 . 
[0056] The above-mentioned embodiments have 
dealt with the cases where the main honeycomb struc- 
tures and the sub-honeycomb structures possess 
square-shaped cells. However, as long as the above- 
mentioned partial plugs can be formed, the honeycomb 
structure may possess cells of any other shape, such 
as a triangular shape or a hexagonal shape. 

Embodiment 3. 

[0057] The honeycomb structure 6 of this embodi- 
ment includes three honeycomb structures 61 , 62 and 
63 that are arranged in series as shown in Fig. 6. The 
two adjacent honeycomb structures are arranged so 
that the partitioning walls of one honeycomb structure 
face the openings of at least some of the cells of the 
other honeycomb structure. 

[0058] When the fluid flows in the direction in which 
the three honeycomb structures 61 , 62 and 63 are ar- 
ranged in series, the honeycomb structure 61 located 
on the upstream side has a higher density of cells than 
the density of cells of the honeycomb structure 62 locat- 
ed on the downstream side and the honeycomb struc- 
ture 62 located on the upstream side has a higher den- 
sity of cells than the density of cells of the honeycomb 
structure 63 located on the downstream side. 
[0059] Concretely speaking, the honeycomb struc- 
ture 61 on the most upstream side has a density of cells 
of 900 meshes, the honeycomb structure 62 at the cent- 
er has a density of cells of 600 meshes, and the honey- 
comb structure 63 on the most downstream side has a 
density of cells of 300 meshes. 

[0060] Fig. 7 illustrates a state where the honeycomb 
structure 6 is viewed from the front on the upstream side 
(from the direction of an arrow A in Fig. 6). Fig. 7 illus- 
trates the partitioning walls 611 of the honeycomb struc- 
ture 61 on the most upstream side, and the partitioning 



walls 621 of the central honeycomb structure 62 located 
at the back thereof. The honeycomb structure 61 on the 
most upstream side has cells 610, which have closed 
cells 61 Ob facingthepartitioning walls of thecentral hon- 
5 eycomb structure 62 and open cells 61 0a, which are al- 
ternately arranged, in the open surface on the down- 
stream side thereof. 

[0061] Fig. 8 illustrates a state where the honeycomb 
structure 6 is viewed from the front on the downstream 

10 side (from the direction of an arrow B in Fig. 6). Fig. 8 
illustrates the partitioning walls 631 of the honeycomb 
structure 63 on the most downstream side, and the par- 
titioning walls 621 of the central honeycomb structure 
62 located at the back thereof. The central honeycomb 

15 structure 62 has cells 620, which have closed cells 620b 
facing the partitioning walls 631 of the honeycomb struc- 
ture 63 on the most downstream side and open cells 
620a, which are alternately arranged, in the open sur- 
face on the downstream side thereof. 

20 [0062] Fig. 9 schematically illustrates a positional re- 
lationship between the partitioning walls 611 of the hon- 
eycomb structure 61 on the most upstream side and the 
partitioning walls 621 of the central honeycomb struc- 
ture 62. In the cells 61 0 in the honeycomb structure 61 

25 in Fig. 9, the flow resistance of the open cell 61 0a with- 
out the partitioning wall 621 of the honeycomb structure 
62 in the open surface on the downstream side thereof 
is denoted by P1 , the flow resistance of the closed cell 
61 0b having the partitioning wall 621 of the honeycomb 

30 structure 62 disposed in the open surface on the down- 
stream side thereof is denoted by P2, and the resistance 
created as the fluid flows from the closed cell 61 0b into 
the open cell 610a through the partitioning wall 611 is 
denoted by P3. Here, in this embodiment, there holds a 

35 relationship P1 < P3 < P2. 

[0063] This permits the fluid flowing through the 
closed cell 61 0b to efficiently flow into the open cell 61 0a 
through the partitioning wall 611 , to easily obtain excel- 
lent filtering effect through the partitioning wall 611 . 

40 [0064] Such an action and effect are similarly ob- 
tained even between the central honeycomb structure 
62 and the downstream honeycomb structure 63; i.e.. 
the honeycomb structure 6 as a whole exhibits two steps 
of excellent filtering effect. 

45 

Embodiment 4. 

[0065] In this embodiment as shown in Figs. 10 and 
1 1 , the shapes of the cells are changed in the main hon- 
50 eycomb structure 10 and in the two sub-honeycomb 
structures 21, 22, axially disposed, in series, on both 
ends of the main honeycomb structure 10, in the em- 
bodiment 1 . 

[0066] In this embodiment, the main honeycomb 
55 structure 10 as well as the sub-honeycomb structures 
21, 22 have a triangular shape. As shown in Figs. 10 
and 11 , partial plugs 15 are formed for some of the cells 
11 of the main honeycomb structure 10 by facing the 
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intersecting portions of the partitioning walls 211, 221, 
surrounding the cells of the sub-honeycomb structures 
21, 22 adjacent to the main honeycomb structure 10, 
with the some of the cells 11 of the main honeycomb 
structure 10. Further, the arrangement of the partial 
plugs 1 5 at the one end surface 101 of the main honey- 
comb structure 1 0 differs from and the arrangement of 
the partial plugs 15 at the other end surface 102 of the 
main honeycomb structure 10. 

[0067] In this embodiment, even the cells 11 without 
the partial plugs 1 5 face part of the partitioning walls 21 1 , 
221 of the sub-honeycomb structures 21 , 22, which pro- 
duces a flow resistance, to some extent, which, howev- 
er, is sufficiently smaller than the flow resistance pro- 
duced by the partial plugs 1 5 formed by the intersecting 
portions of the partitioning walls. 
[0068] In other respects, this embodiment is the same 
as embodiment 1 . 

[0069] In this case, too, the same actions and effects 
are obtained as those of embodiment 1 . 
[0070] A honeycomb structure comprising at least 
one main honeycomb structure 1 0 and sub-honeycomb 
structures 21 , 22 axially disposed, in series, on both end 
surfaces of the main honeycomb structure 10. Partial 
plugs 1 5 are constituted for some of the cells 1 1 of the 
main honeycomb structure 1 0 by facing the intersecting 
portions of partitioning walls 211 , surrounding the cells 
of the sub-honeycomb structure 21 disposed adjacent 
to the main honeycomb structure with some of the cells 
of main honeycomb structure, and the arrangement of 
the partial plugs 1 5 at one end surface 101 of the main 
honeycomb structure differs from that at the other end 
surface of the main honeycomb structure 10 



Claims 

1 . A honeycomb structure comprising; 

at least one main honeycomb structure and 
sub-honeycomb structures axially disposed, in 
series, on both end surfaces of said main hon- 
eycomb structure; 

wherein partial plugs are constituted for some 
of the cells of said main honeycomb structure 
by facing the intersecting portions of partition- 
ing walls, surrounding the cells of said sub-hon- 
eycomb structures disposed adjacent to the 
main honeycomb structure with the some of the 
cells of main honeycomb structure, and 
the arrangement of said partial plugs at one end 
surface of the main honeycomb structure dif- 
fers from that at the other end surface of said 
main honeycomb structure. 

2. A honeycomb structure according to claim 1 , 
wherein said main honeycomb structures are used 
in a plural number, and said main honeycomb struc- 



tures and said sub-honeycomb structures are alter- 
nately arranged. 

3. A honeycomb structure according to claim 1 or 2. 
5 wherein 

the ratio of the total length of said sub-honey- 
comb structures in the axial direction thereof to 
the length of the whole honeycomb structure in 
10 the axial direction thereof, is in a range of from 

5 to 60%. 

4. A honeycomb structure according to any one of 
claims 1 to 3, wherein both the cells of said main 

15 honeycomb structu re and the cells of said sub-hon- 
eycomb structures located at the ends of the main 
honeycomb structure have a square shape and are 
arranged with their sides being inclined by about 45 
degrees relative to each other and being intersect- 

20 ed. 

5. A honeycomb structure according to any one of 
claims 1 to 4, wherein said main honeycomb struc- 
ture and said sub-honeycomb structures are joined 

25 together with an adhesive. 

6. A honeycomb structure according to any one of 
claims 1 to 5, wherein a casing is arranged to sur- 
round said honeycomb structure, and the arrange- 

30 ment of said main honeycomb structure and of said 
sub-honeycomb structures is secured by said cas- 
ing. 

7. A honeycomb structure according to any one of 
35 claims 1 to 6, wherein said main honeycomb struc- 
ture is made of a ceramic material. 

8. A honeycomb structure according to any one of 
claims 1 to 7, wherein the intersecting portions of 

40 partitioning walls of said sub-honeycomb structure 
have an increased thickness. 

9. A honeycomb structure, in which a plurality of hon- 
eycomb structures are arranged in series, and par- 

45 titioning walls of afirst honeycomb structure are dis- 
posed so as to face at least some of the cells in a 
second honeycomb structure, and 

when a fluid flows in a direction in which said 
50 plurality of honeycomb structures are arranged 

in series, theflow resistance ofthefluid in afluid 
passage formed by a cell defined by the parti- 
tioning walls in the second honeycomb struc- 
ture located on the upstream side of the first 
55 honeycomb structure varies from a next pas- 

sage formed by the adjacent cell, through all 
cells of the second honeycomb structure. 
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10. A honeycomb structure in which a plurality of hon- 
eycomb structures are arranged in series, and par- 
titioning walls of a first honeycomb structure are dis- 
posed so as to face at least some of the cells in a 
second honeycomb structure, and when a fluid 5 
flows in a direction in which said plurality of honey- 
comb structures are arranged in series, the density 

of cells of the second honeycomb structure located 
on the upstream side is higher than the density of 
cells of the first honeycomb structure located on the 10 
downstream side. 

11. A honeycomb structure according to claim 9 or 10, 
wherein 

15 

in the cells in the second honeycomb structure, 
when the flow resistance of the open cell with- 
out the partitioning wall of the first honeycomb 
structure in the open surface on the down- 
stream side thereof is denoted by P1 , the flow 20 
resistance of the closed cell having the parti- 
tioning wall of the first honeycomb structure dis- 
posed in the open surface on the downstream 
side thereof is denoted by P2, and the flow re- 
sistance created as the fluid flows from said 25 
closed cell into said open cell through the par- 
titioning wall is denoted by P3, there exists a 
relationship P1 < P3 < P2. 

12. A honeycomb structure according to any one of 30 
claims 9 to 11 , wherein said plurality of honeycomb 
structures are arranged with a gap, which is not 
larger than 10 mm, between two adjacent honey- 
comb structures. 
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(57) A honeycomb structure which is a plurality of 
honeycomb segments (21) bonded into one piece by a 
bonding material (25), the honeycomb segments (21) 
each having a large number of through-channels (11) 
separated from each other by partition walls (20), the 
bonding material (25) being composed of components 
substantially same as components composing honey- 
comb bodies (21), and the honeycomb segments (21) 
being bonded to each other at their planes substantially 
parallel to the direction of through-channels (11), in 
which honeycomb structure each bonded plane (22) of 
each honeycomb segment (21) has a structure pos- 
sessing an unbonded area (12) containing at least an 
edge portion opening to a periphery of its gas inlet side 
end face (15) and/or a periphery of its gas outlet side 
end face(17). With this honeycomb structure, there is 
no cracking caused by the thermal stress during the use, 
and excellent durability can be obtained. 
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Description 

Technical Field 

5 [0001] The present invention relates to a honeycomb structure for catalyst loading, used in an exhaust gas purifier 
of a heat engine (e.g. an internal combustion engine) or a burner (e.g. a boiler), a reforming unit of a liquid fuel or a 
gaseous fuel, and the like; a honeycomb filter; and processes for producing them. 

Background Art 

10 

[0002] Honeycomb structures having a catalyst component loaded thereon have been used in an exhaust gas purifier 
of a heat engine (e.g. an internal combustion engine) or a burner (e.g. a boiler), a reforming unit of a liquid fuel or a 
gaseous fuel, and the like. Also, it is known that honeycomb filters are used for capturing and removing the particulate 
matter contained in a particle-containing fluid such as exhaust gas emitted from a diesel engine. 

15 [0003] The honeycomb structures or honeycomb filters used for such purposes have had problems; for example, 
they are subjected to rapid temperature change by exhaust gas or undergo local heating, an uneven temperature 
distribution easily appears therein, resultantly they come to have cracks. Particularly when they were used as a hon- 
eycomb filter for capturing the particulate matter contained in the exhaust gas emitted from a diesel engine, cracks 
appeared easily because the carbon fine particles accumulated on the filter must be burnt for removal and it inevitably 

20 causes local heating to high temperatures and easily generates a large thermal stress. In this case, the thermal stress 
is generated because the uneven temperature distribution allows different portions of the honeycomb structure to show 
different thermal expansion deformations and resultantly the individual portions are restricted by each other and are 
unable to make free deformation. 

[0004] It is also known that in producing a large honeycomb structure so as to meet the application purpose, a plurality 
25 of honeycomb segments are bonded by a bonding material to obtain a one-piece honeycomb structure or honeycomb 
filter. In this case as well, the thermal stress generated in the honeycomb structure or honeycomb filter produced must 
be reduced. 

[0005] To reduce such a thermal stress, there is disclosed, in, for example, USP 4335783, a process for producing 
a honeycomb structure, which comprises bonding a large number of honeycomb segments with a discontinuous bond- 

30 jng material. In this honeycomb structure, however, the thermal stress generated therein could not be reduced suffi- 
ciently because no consideration was made to the fact that the generation of thermal stress appears mainly in the 
vicinity of each periphery of the two end faces where the inlet and outlet of each through-channel exist. Further, since 
the bonding material is formed discontinuously, the bonding strength between honeycomb segments was not sufficient 
and the produced honeycomb structure had no sufficient mechanical strength. 

35 [0006] In JP-B-61-51240 is proposed a thermal shock resistant rotary heat regenerator obtained by subjecting a 
ceramic material to extrusion moldingto obtain a honeycomb matrix body of honeycomb structure, firing the honeycomb 
matrix body, then making smooth the outer surface of the fired honeycomb matrix segment, coating, on the smoothened 
outer surface, a ceramic bonding material having substantially the same mineral composition (after firing) as that of 
the matrix segment and showing a thermal expansion coefficient different from that of the honeycomb matrix segment 

40 by 0.1% or less at 800°C, bonding a plurality of such honeycomb matrix segments to each other into one piece : and 
firing the one-piece structure. In this thermal shock resistant rotary heat regenerator as well, thermal stress appears 
mainly in the vicinity of each periphery of the two end faces where the inlet and outlet of each through-channel exist; 
nevertheless, the honeycomb segments are bonded even at the peripheries of the two end faces; therefore, the thermal 
stress generated could not be reduced sufficiently. 

45 [0007] In the SAE Article 860008 of 1 986 is disclosed a ceramic honeycomb filter obtained by bonding a plurality of 
cordierite honeycomb segments with a cordierite cement. In this honeycomb filter as well, bonding is made even at 
each periphery of the two end faces where the inlet and outlet of each through-channel exist, similarly to the cases of 
the above-mentioned honeycomb structure, etc.; therefore, the thermal stress generated could not be sufficiently re- 
duced. 

50 [0008] In JP-A-8-28246 is disclosed a ceramic honeycomb filter obtained by bonding a plurality of honeycomb ce- 
ramic segments with an elastic sealing material formed by bonding at least a three-dimensionally intertweaved inorganic 
fiber and inorganic particles via an inorganic binder and an organic binder. In this honeycomb filter as well, the hon- 
eycomb segments and the sealing material are not composed of the same material and bonding is made even at each 
periphery of the two end faces where the inlet and outlet of each through-channel exist; therefore, the thermal stress 

55 generated at the end faces could not be reduced. 

[0009] The present invention has been made in view of such problems of the prior arts. The present invention aims 
at providing a honeycomb structure which generates no crack caused by the thermal stress during the use and therefore 
has excellent durability; a honeycomb filter; and processes for producing such a honeycomb structure and such a 
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honeycomb filter. 
Disclosure of the Invention 

5 [0010] According to the present invention there is provided a honeycomb structure possessing a plurality of honey- 
comb segments each having a large number of through-channels separated from each other by partition walls; said 
honeycomb structure formed as a unified body by bonding said plurality of honeycomb segments each other at their 
planes substantially parallel to a direction of the through-channels with a bonding material being composed of compo- 
nents substantially same as components composing the honeycomb segments, characterized in that each bonded 

10 plane of each honeycomb segment includes an unbonded area inclusive of at least one edge portion opening to a 
periphery of its gas inlet side end face and/or a periphery of its gas outlet side end face. 

[001 1] According to the present invention there is also provided a honeycomb filter possessing a plurality of honey- 
comb filter segments each having a large number of through-channels separated from each other by partition walls, 
and passing through between its gas inlet side and its gas outlet side; said through-channels plugged alternately at 

15 an every other end face of its gas inlet side and its gas outlet side with a plugged material; said honeycomb filterformed 
as a unified body by bonding said plurality of honeycomb filter segments each other at their planes substantially parallel 
to a direction of the through-channels with a bonding material being composed of components substantially same as 
components composing the honeycomb segments, characterized in that each bonded plane of said honeycomb filter 
segments includes an unbonded area inclusive of at least one edge portion opening to a periphery of its gas inlet side 

20 end face or a periphery of its gas outlet side end face. 

[0012] In the above honeycomb structure and honeycomb filter (hereinafter, they are referred to as "the honeycomb 
structure, etc." in some cases), one may compose honeycomb segments and bonding material mainly of metal Si and 
SiC, that the Si content [specified by Si/(Si+SiC)] of the honeycomb segments is 5 to 50% by weight, and that the Si 
content [specified by Si/(Si+SiC)] of the bonding material is the same as or higher than the Si content of the honeycomb 

25 segments to be bonded and is 1 0 to 80% by weight. 

[0013] Also in the honeycomb structure, etc. of the present invention, it is preferred that the bonding material is 
provided continuously on each bonded plane and that the unbonded area of each bonded plane is formed from the 
periphery of the gas inlet side end face of honeycomb segment or the periphery of the gas outlet side end face of 
honeycomb segment toward the direction of the through-channels, in a length of 10% or more relative to the total length 

30 of the honeycomb structure in the same direction, or from the periphery of the gas inlet side end face of honeycomb 
segment or the periphery of the gas outlet side end face of honeycomb segment toward the center of the end face, in 
a length of 1 0% or more relative to the total width of the end face of the honeycomb structure. 
[0014] Further in the honeycomb structure, etc. of the present invention, it is preferred that at least part of the un- 
bonded area of each bonded plane has a filler material composed mainly of a heat-resistant inorganic material and 

35 that the filler material satisfies at least either of a requirement that its Young s modulus is 80% or less of the Young s 
modulus of the honeycomb segments and a requirement that its strength is smaller than the strength of the honeycomb 
segments. 

[0015] Furthermore in the honeycomb structure, etc. of the present invention, it is preferred that the honeycomb 
segments are composed mainly of at least one kind of ceramic selected form the group consisting of cordierite, mullite, 

40 alumina, spinel, silicon carbide, silicon nitride, lithium aluminum silicate, aluminum titanate and combinations thereof, 
or of a Fe-Cr-AI type metal. One may load the partition walls of the honeycomb segments with a catalyst. 
[0016] Meanwhile, according to the present invention there is provided a process for producing a honeycomb struc- 
ture, characterized by kneading powders of raw materials, a binder and water, molding thus obtained kneaded material 
and drying a molded material to obtain a honeycomb body, forming a bonding layer composed of components sub- 

45 stantially same as components composing the honeycomb body, on each plane of honeycomb bodies substantially 
parallel to a direction of through-channels, at least exclusive of an edge portion opening to a periphery of its gas inlet 
side end face or a periphery of its gas outlet side end face, bonding a plurality of resulting honeycomb bodies into 
unified honeycomb structures through said bonding layer, and firing the resulting unified honeycomb bodies. 
[0017] According to the present invention there is also provided a process for producing a honeycomb structure, 

50 characterized by kneading powders of raw materials, a binder and water, molding thus obtained kneaded material and 
drying a molded material to obtain a honeycomb body, firing said honeycomb body to obtain honeycomb segments, 
forming a bonding layer composed of components substantially same as components composing the honeycomb body, 
on each plane of honeycomb segments substantially parallel to a direction of through-channels, at least exclusive of 
an edge portion opening to a periphery of its gas inlet side end face or a periphery of its gas outlet side end face, 

55 bonding a plurality of resulting honeycomb segments into a unified honeycomb structure through said bonding layer, 
and, firing the resulting unified honeycomb structure. 

[0018] According to the present invention there is further provided a process for producing a honeycomb structure, 
characterized by kneading powders of raw materials, a binder and water, molding thus obtained kneaded material and 
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drying a molded material to obtain a honeycomb body, subjecting outer surface of the honeycomb body to machining, 
forming a bonding layer composed of components substantially same as components composing honeycomb bodies, 
on each plane of honeycomb bodies substantially parallel to a direction of through-channels, at least exclusive of an 
edge portion opening to a periphery of its gas inlet side end face or a periphery of its gas outlet side end face, bonding 
5 a plurality of resulting honeycomb bodies into a unified honeycomb structure through said bonding layer, and firing the 
resulting unified honeycomb structure. 

[0019] According to the present invention there is furthermore provided a process for producing a honeycomb struc- 
ture, characterized by kneading powders of raw materials, a binder and water, molding thus kneaded material and 
drying a molded material to obtain a honeycomb body, forming a bonding layer composed of components substantially 

10 same as components composing the honeycomb body on each plane of honeycomb bodies substantially parallel to 
a direction of through-channels, at least exclusive of an edge portion opening to a periphery of its gas inlet side end 
face or a periphery of its gas outlet side end face, bonding a plurality of resulting honeycomb segments into a unified 
honeycomb structure through said bonding layer, subjecting outer surface of the resulting unified honeycomb structure 
to machining, and firing the resulting machining honeycomb structure. 

15 [0020] According to the present invention there is furthermore provided a process for producing a honeycomb struc- 
ture, characterized by kneading powders of raw materials, a binder and water, molding thus kneaded material and 
drying a molded material to obtain a honeycomb body, subjecting outer surface of the honeycomb body to machining, 
firing the machining honeycomb body to obtain a honeycomb segment, forming a bonding layer composed of compo- 
nents substantially same as components composing the honeycomb body on each plane of the honeycomb segment 

20 substantially parallel to a direction of through-channels, at least exclusive of an edge portion opening to a periphery 
of its gas inlet side end face or a periphery of its gas outlet side end face, bonding a plurality of resulting honeycomb 
segments into a unified honeycomb structure through said bonding layer, and firing resulting unified honeycomb struc- 
ture. 

[0021] According to the present invention there is furthermore provided a process for producing a honeycomb struc- 
25 ture, characterized by kneading powders of raw materials, a binder and water, molding thus kneaded material and 
drying a molded material to obtain a honeycomb body, firing the honeycomb body to obtain a honeycomb segment, 
subjecting the outer surface of the honeycomb segment to machining, forming a bonding layer composed of compo- 
nents substantially same as components composing the honeycomb body on each plane of the honeycomb segment 
substantially parallel to a direction of the through-channels, at least exclusive of an edge portion opening to a periphery 
30 of its gas inlet side end face or a periphery of its gas outlet side end face, bonding a plurality of resulting honeycomb 
segments into a unified honeycomb structure through said bonding layer, and firing the resulting unified honeycomb 
structure. 

[0022] Meanwhile, according to the present invention there is provided a process for producing a honeycomb filter 
characterized by kneading a raw materials mixed powder a binder and water, molding thus kneaded material and 

35 drying thus molded material to obtain a honeycomb body, plugged through-channels alternately at an every other end 
face of its gas inlet side and its gas outlet side with a sealant to obtain a plugged honeycomb filter segment, forming 
a bonding layer composed of components substantially same as components composing honeycomb body, on each 
plane of the plugged honeycomb segments substantially parallel to a direction of through-channels, at least exclusive 
of an edge portion opening to a periphery of its gas inlet side end face or a periphery of its gas outlet side end face, 

40 bonding a plurality of plugged honeycomb segments each other at their planes substantially parallel to a direction of 
through-channels into a unified honeycomb structure through the bonding layer, and firing the resulting unified honey- 
comb structure. 

[0023] According to the present invention there is also provided a process for producing a honeycomb filter, char- 
acterized by kneading a raw materials mixed powder, a binder and water, molding thus kneaded material and drying 

45 thus molded material to obtain a honeycomb body, firing the resulting honeycomb body to obtain a honeycomb segment, 
plugging through-channels alternately at an every other end face of its gas inlet side and its gas outlet side with a 
sealant to obtain a plugged honeycomb body, forming a bonding layer composed of components substantially same 
as components composing honeycomb body, on each plane of the plugged honeycomb bodies substantially parallel 
to a direction of through-channels, at least exclusive of an edge portion opening to a periphery of its gas inlet side end 

50 face or a periphery of its gas outlet side end face, bonding a plurality of plugged honeycomb bodies each other at their 
planes substantially parallel to a direction of through-channels into a unified honeycomb structure through the bonding 
layer, and firing the resulting unified honeycomb structure. 

[0024] According to the present invention there is also provided a process for producing a honeycomb filter, char- 
acterized by kneading a raw materials mixed powder, a binder and water, molding thus kneaded material and drying 
55 thus molded, material to obtain a honeycomb body, plugging through-channels alternately at an every other end face 
of its gas inlet side and its gas outlet side with a plugged material to obtain a plugged honeycomb filter segment, forming 
a bonding layer composed of components substantially same as components composing honeycomb body, on each 
plane of the plugged honeycomb bodies substantially parallel to a direction of through-channels, at least exclusive of 
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an edge portion opening to a periphery of its gas inlet side end face or a periphery of its gas outlet side end face, 
bonding a plurality of plugged honeycomb segments each other at their planes substantially parallel to a direction of 
through-channels into a unified honeycomb structurethrough the bonding layer subjecting outersurface of the resulting 
unified honeycomb filter to machining, and firing the resulting unified honeycomb structure. 
5 [0025] According to the present invention, there is further provided a process for producing a honeycomb filter, char- 
acterized by kneading a raw materials mixed powder, a binder and water, molding thus kneaded material and drying 
thus molded, material to obtain a honeycomb body, subjecting outer surface of the resulting honeycomb body to ma- 
chining, firing the resulting honeycomb body, plugging through-channels alternately at an every other end face of its 
gas inlet side and its gas outlet side with a plugged material to obtain a plugged honeycomb filter body, forming a 
10 bonding layer composed of components substantially same as components composing honeycomb body, on each 
plane of the plugged honeycomb bodies substantially parallel to a direction of through-channels, at least exclusive of 
an edge portion opening to a periphery of its gas inlet side end face or a periphery of its gas outlet side end face, 
bonding a plurality of plugged honeycomb segments each other at their planes substantially parallel to a direction of 
through-channels into a unified honeycomb structure through the bonding layer, and firing the resulting unified honey- 
's comb structure. 

[0026] According to the present invention, there is moreover provided a process for producing a honeycomb filter 
characterized by kneading a raw materials mixed powder, a binder and water, molding thus kneaded material and 
drying thus molded material to obtain a honeycomb body, firing the resulting honeycomb body to obtain a honeycomb 
segment, subjecting outer surface of the resulting honeycomb body to machining, plugging through-channels alter- 

20 nately at an every other end face of its gas inlet side and its gas outlet side with a plugged material to obtain a plugged 
honeycomb filter segment forming a bonding layer composed of components substantially same as components com- 
posing honeycomb body, on each plane of the plugged honeycomb segments substantially parallel to a direction of 
through-channels, at least exclusive of an edge portion opening to a periphery of its gas inlet side end face or a periphery 
of its gas outlet side end face, bonding a plurality of plugged honeycomb filter segments each other at their planes 

25 substantially parallel to a direction of through-channels into a unified honeycomb filter through the bonding layer, and 
firing the resulting unified honeycomb filter. 

[0027] I n these processes for producing the honeycomb structu re. etc. , it is preferred that the bonding layer is formed 
continuously. The outer surfaces of the honeycomb structure, etc. obtained may be subjected to machining. 
[0028] It is also preferred that a filler composed mainly of a heat-resistant inorganic material is coated on at least 
30 part of the sides of the honeycomb filter, etc. The honeycomb structure, etc. after production may have a catalyst 
loaded thereon. 

[0029] It is also preferred that a filler composed mainly of a heat-resistant inorganic material is disposed on at least 
part of the unbonded portion of each bonding layer-formed plane. 

[0030] The honeycomb segments and the bonding layer are preferably composed mainly of at least one kind of 
35 ceramic selected form the group consisting of cordierite, mullite. alumina, spinel, silicon carbide, silicon nitride, lithium 
aluminum silicate, aluminum titanate and combinations thereof, or of a Fe-Cr-AI type metal, or of metal Si and SiC. 

Brief Description of the Drawings 

40 [0031] 

Fig. 1 (a), Fig. 1 (b), Fig. 1 (c) and Fig. 1 (d) are each a perspective view showing an embodiment of the honeycomb 
structure according to the present invention. 

Fig. 2(a) and Fig. 2(b) are each a perspective view showing other embodiment of the honeycomb structure ac- 
45 cording to the present invention. 

Fig. 3(a) and Fig. 3(b) are each a perspective view showing other embodiment of the honeycomb structure ac- 
cording to the present invention. 

Fig. 4(a), Fig. 4(b), Fig. 4(c) and Fig. 4(d) are each a perspective view showing still other embodiment of the 
honeycomb structure according to the present invention. 
50 Fig. 5(a), Fig. 5(b), Fig. 5(c) and Fig. 5(d) are each a perspective view showing still other embodiment of the 

honeycomb structure according to the present invention. 

Fig. 6(a) is a perspective view showing still other embodiment of the honeycomb structure according to the present 
invention. Fig. 6(b) shows a Y-Y section of Fig. 6(a). 

Fig. 7(a) is a perspective view showing still other embodiment of the honeycomb structure according to the present 
55 invention. Fig. 7(b) shows a Z-Z section of Fig. 7(a). 

Fig. 8(a) is a perspective view showing still other embodiment of the honeycomb structure according to the present 
invention. Fig. 8(b) shows a A-A section of Fig. 8(a). 

Fig. 9(a) is a perspective view showing still other embodiment of the honeycomb structure according to the present 
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invention. Fig. 9(b) shows a B-B section of Fig. 9(a). 

Fig. 1 0(a) is a side view showing an embodiment of the honeycomb filter according to the present invention. Fig. 
1 0(b) is a plan view of the same honeycomb filter. Fig. 1 0(c) is a bottom view of the same honeycomb filter. 
Fig. 11(a) is a plan view showing an example of slit formation in the honeycomb structure of the present invention. 
5 Fig. 1 1 (b) is a front view of the same honeycomb structure. 

Fig. 1 1 (c) is a side view of the same honeycomb structure. 
Fig. 11(d) is a bottom view of the same honeycomb structure. 

Best Mode for Carrying Out the Invention 

10 

[0032] In the honeycomb structure, etc. of the present invention, a plurality of honeycomb segments or honeycomb 
filters (they are hereinafter referred to as "honeycomb segments, etc." in some cases) are bonded into one piece by 
a bonding material composed of components substantially same as the components composing the honeycomb bodies. 
As a consequence, the honeycomb segments and the bonding material show about the same thermal expansion co- 

15 efficients during the use of filter, whereby the generation of thermal stress can be reduced. 

[0033] According to the intensive study made by the present inventors, it has been found that a very large thermal 
stress appears in the periphery of the gas inlet side or gas outlet side end face of the honeycomb segments, etc. In 
the present invention, therefore, each bonded plane of the honeycomb segments, etc. is constituted so as to have an 
unbonded area which includes at least an end portion opening to the above periphery. Accordingly, the thermal stress 

20 generated in the honeycomb structure, etc. can be reduced further in addition to the above-mentioned reduction ob- 
tained by the use of the bonding material; thereby, the honeycomb structure, etc. of the present invention can be free 
from cracks or the like and can have excellent durability. 

[0034] Hereinafter, in-depth description is made on the constituent features of the honeycomb structure, etc. accord- 
ing to the present invention. 

25 [0035] The honeycomb structure according to the present invention is obtained by unifying a plurality of honeycomb 
segments each having a large number of through-channels separated from each other by partition walls. The honey- 
comb filter according to the present invention is obtained by unifying a plurality of honeycomb filter segments each 
having a large number of through-channels extending from the gas inlet side end face to the gas outlet side end face, 
separated from each other by partition walls; said through-channels plugged alternately at an every other end face of 

30 its gas inlet side and its gas outlet side with a plugged material. 

[0036] In the honeycomb segments, etc. according to the present invention, the sectional shape (cell shape) of each 
through-channel is preferably any of triangle, tetragon, hexagon and corrugation in view of the production efficiency. 
[0037] The cell density of each cell formed by partition walls is preferably 6 to 2,000 cells/in. 2 (0.9 to 31 1 cells/cm 2 ) ; 
more preferably 50 to 400 cells/in. 2 (7.8 to 62 cells/cm 2 ) in view of the strength and effective GSA (geometrical surface 

35 area) of honeycomb segment and the pressure loss during gas flow. 

[0038] As the shape of each honeycomb segment, there can be mentioned, for example, a shape which is obtained 
by dividing a cylinder into three or four portions by a plane including the central axis and which is fan-like in a section 
perpendicular to the axial direction; and shapes which are obtained by dividing a cylinder into nine or more portions at 
given intervals by a plane of axial direction and which are fan-like, tetragonal, etc. (different depending upon the por- 

40 tions) in a section perpendicular to the axial direction. Of these, a shape obtained by dividing a honeycomb segment 
into nine or more portions is preferred because with this shape, a large number of bonded planes can be formed three- 
dimensionally and the thermal stress of honeycomb filter can be reduced. 

[0039] Meanwhile, in the present invention, the honeycomb segments are preferably composed of at least one kind 
of ceramics selected form the group consisting of cordierite, mullite, alumina, spinel, silicon carbide, silicon nitride. 
45 lithium aluminum silicate, aluminum titanate and combinations thereof, or of a Fe-Cr-AI type metal, in view of the 
strength, heat resistance, etc. Of these, silicon carbide is preferred because it has a high thermal conductivity and can 
release heat easily. 

[0040] In the present invention, it is also preferred that the honeycomb segments are composed mainly of metal Si 
and SiC. In this case, the Si content in honeycomb segment, specified by Si/(Si+SiC) is preferably 5 to 50% by weight, 
50 more preferably 10 to 40% by weight. When the Si content is less than 5% by weight, bonding by Si is insufficient, 
which may result in insufficient thermal conductivity and strength. Meanwhile, when the Si content is more than 50% 
by weight, excessive shrinkage appears, which may incur problems such as low porosity, small pore diameter and the 
like. 

[0041] In the present invention, there is no particular restriction as to the plugged material used for plugging through- 
55 channels. There can be mentioned, for example, a plugged material composed of the same ceramic and/or metal as 
used in the honeycomb segments 

[0042] In the present invention, each honeycomb segment can be obtained by charging a binder and water into a 
raw material powder composed of the above-mentioned ceramic and/or metal, kneading the resulting mixture, molding 
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the kneaded material into a desired shape, drying the molded material to obtain a honeycomb body ; and lastly firing 
the honeycomb body. 

[0043] In the present invention, each honeycomb body is preferably subjected to machining of the outer surface for 
improved dimensional accuracy, prior to the bonding by a bonding material. This machining of outer surface may be 
5 carried out to each honeycomb body obtained by molding. 

[0044] As the binder used in the present invention, there can be mentioned, for example, hydroxymethyl cellulose, 
methyl cellulose, hydroxyethyl cellulose, carboxymethyl cellulose and a polyvinyl alcohol. These binders can be used 
singly or in combination of two or more kinds. 

[0045] In the present invention, one may add, as necessary, a molding aid used generally such as ethylene glycol, 
10 dextrin, fatty acid soap, polyalcohol or the like. 

[0046] The amount of water to be charged is ordinarily about 1 0 to 40 parts by weight per 1 00 parts by weight of the 
above-mentioned powder material. After charging water, the resulting raw material mixture is kneaded using a vacuum 
kneader or the like to obtain a plastic kneaded material. 

[0047] Molding is carried out preferably by extrusion. It can be carried out by using, for example, a ram type extruder 

15 or a twin-screw type continuous extruder. 

[0048] As the method for drying, there can be mentioned, for example, hot-air drying, microwave drying, dielectric 
drying, reduced pressure drying, vacuum drying and freeze-drying. Of them, dielectric drying, microwave drying and 
hot-air drying are preferably conducted singly or in combination. The firing conditions can be selected appropriately 
depending upon the material used. 

20 [0049] In the honeycomb filter of the present invention, plugging through-channels can be carried out in the honey- 
comb body after molding and drying, or by plugging through-channels in the honeycomb segment after firing. Of these, 
it is preferable to plug through-channels of the honeycomb body because the plugged material can show a large bonding 
strength. 

[0050] In the honeycomb segments, etc. of the present invention, two planes each substantially parallel to the direc- 
ts tion of the channels of the through-channels are bonded to each other by a bonding material composed mainly of 
components substantially same as the components composing each honeycomb segment, and each bonded plane 
includes an unbonded area inclusive of at least one edge portion opening to a periphery of its gas inlet side end face 
or a periphery of its gas outlet side end face. 

[0051] In the present specification, bonded plane means a plane on part of which a bonding material is disposed. 
30 [0052] Unbonded area means part of the bonded plane where no bonding material is disposed. Substantially parallel 
plane includes even a plane which is not parallel, in a strict sense, as far as such a plane does not hinder bonding of 
honeycomb segments to each other. 

[0053] In the present invention, the bonding material may be either a bonded plane being discontinuously disposed 
at two or more locations or a bonded plane being continuously disposed. Its continuous formation on bonded plane is 
35 preferred because the resulting honeycomb segments, etc. can show a high bonding strength. 

[0054] As the shape of the bonding material, there can be mentioned, for example, triangle, rectangle, square, rhom- 
bus, trapezoid, ellipse, circle, track circle, half ellipse and half circle. Ellipse, circle, track circle, etc. are preferred 
because they can easily make uniform the temperature of the whole filter. 

[0055] The unbonded area of each bonded plane is preferably formed from the periphery of the gas inlet side end 
40 face of the honeycomb structure, etc. or the periphery of the gas outlet side end face of the honeycomb structure, etc. 
toward the direction of the through-channels, in a length of 10% or more, preferably 30% or more relative to the total 
length of the honeycomb structure, etc. in the same direction. When the length of the unbonded area is in this range, 
the thermal stress of the whole honeycomb structure, etc. can be reduced effectively, the generation of cracks, etc. 
can be prevented, and improved durability can be attained. 
45 [0056] Also, the unbonded area of each bonded plane is preferably formed from the periphery of the gas inlet side 
end face or the periphery of the gas outlet side end face toward the center of the end face, in a length of 1 0% or more, 
preferably 30% or more relative to the total width of the end face of the honeycomb structure, etc. Thereby, larger 
reduction of thermal stress is possible and further improvement of durability is attained. 

[0057] In the present invention, it is preferred that each bonded area is formed in about the center of the honeycomb 
50 structure, etc. and that each unbonded area is formed so as to contain all of the lengths of each bonded plane contacting 
with the side, gas outlet side end face and gas inlet side end face of the honeycomb structure, etc. Thereby, the portions 
of the honeycomb structure, etc. where thermal stress appears easily, can deform easily and the generation of cracks, 
etc. can be reduced to a very low level. 

[0058] In the present invention, it is further preferred that the unbonded areas are formed symmetrically to the central 
55 axis of the honeycomb structure, etc. to minimize the nonuniform deformation of the honeycomb structure, etc. However, 
as shown in, for example, Figs. 11(a) to 11(d), unbonded areas 12 may be formed asymmetrically to the central axis 
of the honeycomb structure, etc. 

[0059] Meanwhile, in the present invention, the bonding material is composed of components substantially same as 
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the components composing the honeycomb segments, as mentioned previously. 

[0060] Specifically, the bonding material can be composed of, for example, at least one kind of ceramics selected 
form the group consisting of cordierite, mullite, alumina, spinel, silicon carbide, silicon nitride, lithium aluminum silicate, 
aluminum titanate and combinations thereof, or a Fe-Cr-AI type metal so that these components correspond to the 

5 components of the honeycomb segments mentioned previously. 

[0061] Meanwhile, when the honeycomb segments are composed mainly of metal Si and SiC, the bonding material 
also is preferably composed mainly of metal Si and SiC. In this case, however, it is preferred that the Si content of the 
bonding material specified by Si/(Si+SiC) is the same as or higher than the Si content of the honeycomb segments 
(which are bonded to each other by the bonding material) and is 10 to 80% by weight. When the Si content of the 

10 bonding material is less than the Si content of the honeycomb segments, it may be impossible to obtain a sufficient 
bonding strength. When the Si content is more than 80% by weight, oxidation resistance at high temperatures may be 
insufficient. 

[0062] In the present invention, the bonding material can be formed on a honeycomb body by forming a bonding 
layer composed of components substantially same as the components composing the honeycomb body, on each plane 

15 of the honeycomb body substantially parallel to the direction of the through-channels, exclusive of at least one edge 
portion opening to a periphery of its gas inlet side end face or a periphery of its gas outlet side end face. 
[0063] In the honeycomb structure of the present invention, the bonding material may be formed on a honeycomb 
segment by firing a honeycomb segment on which a bonding layer has been formed; said honeycomb segment having 
been formed by firing a honeycomb body after molding and drying. In the honeycomb filter of the present invention as 

20 well, the bonding material may be formed on a honeycomb filter segment by firing a honeycomb segment having a 
bonding layer formed thereon and plugged through-channels. 

[0064] As a method for the formation of the bonding layer, the layer may be directly coated, on the given planes of 
a honeycomb segment, a slurry composed of components substantially same as the components composing the hon- 
eycomb body; however, in order to secure a predetermined thickness, the layer is preferably bonded by coating a plate 
25 of given thickness and of the same components as mentioned above with a slurry of the same components. Preferably, 
the bonding layer is formed continuously in order to allow each honeycomb segment, etc. to attain a higher bonding 
strength. 

[0065] The honeycomb structure, etc. of the present invention can be obtained by unifying a plurality of bonding 
layer-formed honeycomb bodies, etc. into one piece and then firing the resulting unified material. The firing conditions 
30 can be those suitable for completion of bonding and the heat treatment temperature can be selected appropriately 
depending upon the kind of the bonding material used. However, the temperature is preferred to be ordinarily 200 to 
400°C. 

[0066] In the present invention, it is preferred that a filler member composed mainly of a heat-resistant inorganic 
material is provided at least at part of the unbonded area. 

35 [0067] Thereby, blowing off of a fluid such as a gas through the unbonded area can be prevented. 

[0068] When a filler is provided in the honeycomb filter of the present invention, it is preferred that the filler is provided 
at part of the unbonded area so that at least the portion of the gap formed by the unbonded area, exposed to the gas 
inlet end face of the honeycomb filter is blocked completely. Thereby, the accumulation of soot on the unbonded area 
can be prevented and, further, the thermal stress generating in the honeycomb filter can be reduced to a very low level 

40 by the gap present between the filler and the bonding material, and by the gap exposed to the gas outlet side end face 14. 
[0069] As the filler composed mainly of a heat-resistant inorganic material, there can preferably be used a ceramic 
fiber, a ceramic powder, a cement, etc. all having heat resistance, singly or in admixture. Further, an organic binder, 
an inorganic binder or the like may be mixed into the filler as necessary. 

[0070] The filler used in the present invention satisfies preferably at least either one of the requirements that its 
45 Young s modulus is 80% or less of the Young s modulus of the honeycomb segments and that its strength is smaller 
than the material strength of the honeycomb segments, more preferably both of the above two requirements. 
[0071] When at least either of the above two requirements is satisfied, the thermal stress generated can be reduced 
greatly and the durability of honeycomb structure, etc. can be improved further. The above Young s modulus is meas- 
ured and calculated from the relationship between load and displacement according to a test method for isothermal 
50 elastic modulus, and the above material strength is measured using a material tester according to a test method for 
four-point bending strength (JIS 1 601 ). 

[0072] In the present invention, it is also preferred that the above-mentioned filler is coated on at least part of the 
side of the produced honeycomb structure, etc. for improved heat resistance. 

[0073] Incidentally, provision of the filler may be carried out by unifying a plurality of honeycomb segments, etc. or 
55 a plurality of honeycomb bodies, etc. into one piece, firing the unified article, disposing thereto a filler, followed by 
drying and as necessary firing; or by disposing a filler to honeycomb segments, etc. or honeycomb bodies, etc., prior 
to unifying them into one piece and firing ittogether with the resulting honeycomb segments, etc. or honeycomb bodies, 
etc. 
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[0074] In the present invention, the honeycomb segments, etc. unified into one piece (the honeycomb structure, etc.) 
may be subjected to machining at the outer surface, or the honeycomb segments, etc. unified into one piece and fired 
(the honeycomb structure, etc.) may be subjected to machining at the outer surface, in view of, for example, the di- 
mensional fitting with container, etc. 

5 [0075] In the present invention, the unified honeycomb structure, etc. can take various shapes such as circle, ellipse, 
race track shape and the like in the section perpendicular to the direction of the through-channels. 
[0076] In the present invention, when the honeycomb structure, etc. are used as a catalyst carrier for purification of 
the exhaust gas emitted from a heat engine such as an internal combustion engine or a burner such as a boiler or for 
reformation of a liquid fuel or a gaseous fuel, it is preferred that the honeycomb segments, etc. constituting the hon- 

10 eycomb structure, etc. load thereon at least one kind of metal having catalysis, such as Pt, Pd, Rh or the like. 

[0077] When the honeycomb structure is used as a honeycomb filter, since the honeycomb filter causes plugging 
by particulate material and comes to have a reduced filter capacity as captured particulate materials accumulate on 
the partition walls, the honeycomb filter is periodically heated by a heating means such as heater or the like to burn 
and remove the particulate materials, whereby the filter is regenerated. Therefore, in the honeycomb filter, the above- 

15 mentioned metal having catalysis may be loaded on the partition walls in order to promote the burning of particulate 
materials conducted for filter regeneration. 

[0078] Hereinafter, the present invention is described in more depth referring to the embodiments shown in the draw- 
ings. However, the present invention is not restricted to these embodiments. 

[0079] Figs. 1 (a), 1 (b), 1 (c) and 1 (d) are each a perspective view showing an embodiment of the honeycomb structure 

20 according to the present invention. 

[0080] The honeycomb structures 10 shown in Figs. 1(a), 1(b), 1(c) and 1(d) are constituted by bonding four hon- 
eycomb segments 21 each having a large number of through-channels 1 1 extending in the axial direction (the gas flow 
direction) [an X direction in Figs. 1 (a), 1 (b), 1 (c) and 1 (d)] and separated from each other by partition walls. The hon- 
eycomb segments 21 are bonded to each other at their planes (bonded planes) 22 substantially parallel to the direction 

25 x of the through-channels 1 1 by a bonding material 25 composed of components substantially same as the components 
composing the honeycomb segments 21 . Each bonded plane 22 has an unbonded area inclusive of an end portion 1 8 
opening to the periphery 15 of the gas outlet side end face. The bonding material 25 is provided continuously. 
[0081] In the honeycomb structure 1 0 shown in Fig. 1 (a), each unbonded area 1 2 is formed in a triangular shape so 
that the unbonded area 12 includes each part of the lengths of each bonded plane 22 opening to the gas outlet side 

30 end face 14 and side 13 of the honeycomb structure 10 and that the width of the unbonded area 12 in a direction Y 
from the side 13 of the honeycomb structure 10 toward its center becomes gradually smaller toward the gas inlet side 
end face 16 of the honeycomb structure 10. In the honeycomb structure 10 shown in Fig. 1(b), each unbonded area 

12 is formed in a rectangular shape so that the unbonded area 12 includes each part of the lengths of each bonded 
plane 22 opening to the gas outlet side end face 14 and side 13 of the honeycomb structure and that the width of the 

35 unbonded area 1 2 in a direction Y from the side 1 3 of the honeycomb structure 1 0 toward its center is constant toward 
the gas inlet side end face 16. In the honeycomb structure 10 shown in Fig. 1(c), each unbonded area 12 is formed in 
a triangular shape so that the unbonded area 12 includes the total length of each bonded plane 22 opening to the side 

13 of the honeycomb structure 10 and part of the length of each bonded plane 22 contacting with the gas outlet side 
end face 1 4 of the honeycomb structure 1 0 and that the width of the unbonded area 1 2 in a direction Y from the side 

40 1 3 of the honeycomb structure 1 0 toward its center becomes gradually smaller toward the gas inlet side end face 1 6 
of the honeycomb structure 10. In the honeycomb structure 10 shown in Fig. 1(d), each unbonded area 12 is formed 
so that the unbonded area 12 includes the total length of the bonded plane 22 opening to the side 13 of the honeycomb 
structure 1 0 and each part of the lengths of each bonded plane 22 contacting with the gas outlet side end face 1 4 and 
gas inlet side end face 16 of the honeycomb structure 10 and that the width of the unbonded area 12 in a direction Y 

45 from the side 1 3 of the honeycomb structure 1 0 toward its center is equal thereto toward the gas outlet side end face. 
[0082] In the honeycomb structures 1 0 shown in Figs. 1 (a), 1 (b), 1 (c) and 1 (d), even when non-uniform temperature 
distribution (e.g. high or low temperatures in particular locations) arises, the individual portions of the honeycomb 
structure 10 can make free deformation without being restricted by each other, the thermal stress is reduced, and 
generation of cracks can be minimized. 

50 [0083] Particularly in the honeycomb structures 10 shown in Figs. 1(c) and 1(d), thermal stress is greatly reduced 
in the whole portion of honeycomb structure 1 0; therefore, these honeycomb structures are effective particularly in the 
application where temperature non-uniformity takes place in the whole portion of honeycomb structure 10. 
[0084] The honeycomb structures 10 shown in Figs. 2(a) and 2(b) are constituted by bonding three honeycomb 
segments 21 . In the honeycomb structure 10 shown in Fig. 2(a), as in Fig. 1 (c), each unbonded area 12 is formed in 

55 a triangular shape so that the unbonded area 12 contains the total length of each bonded plane 22 contacting with the 
side 1 3 of the honeycomb structure 1 0 and part of the length of each bonded plane 22 opening to the gas outlet side 
end face 1 4 of the honeycomb structure 1 0 and that the width of the unbonded area 1 2 in a direction Y from the side 
1 3 of the honeycomb structure 1 0 toward its center becomes gradually smaller toward the gas inlet side end face 1 6 
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of the honeycomb structure 10. In the honeycomb structure 1 0 shown in Fig. 2(b), as in Fig. 1 (d), each unbonded area 
12 is formed so that the unbonded area 12 includes the total length of the bonded plane 22 opening to the side 13 of 
the honeycomb structure 1 0 and each part of the lengths of each bonded plane 22 opening to the gas outlet side end 
face 14 and gas inlet side end face 1 6 of the honeycomb structure 10 and that the width of the unbonded area 12 in 
5 a direction Y from the side 13 of the honeycomb structure 10 toward its center is equal therero toward the gas inlet 
side end face 16. 

[0085] In such honeycomb structures as well, reduction of thermal stress of about the same level as in the honeycomb 
structures 1 0 shown in Figs. 1 (a), 1 (b), 1 (c) and 1 (d), can be obtained. 

[0086] Figs. 3(a) and 3(b) are each a perspective view showing other embodiment of the honeycomb structure ac- 

10 cording to the present invention. 

[0087] In the honeycomb structure 10 shown in Fig. 3(a), each unbonded area 12 is formed so as to include part of 
the length of each bonded plane 22 contacting with the side 1 3 of the honeycomb structure 1 0 and the total length of 
the bonded plane 22 contacting with the gas outlet side end face 14 of the honeycomb structure 10. Further, in this 
structure, the unbonded areas 1 2 are formed so as to continuously connect the two points (A and B) and also the two 

15 points (C and D) of the periphery 1 5 of the gas outlet side end face and cross with each other at the center of the gas 
outlet side end face 1 4. 

[0088] In such a honeycomb structure 10, reduction in thermal stress is large at the gas outlet side end face 14 of 
the honeycomb structure 10. 

[0089] In the honeycomb structure 1 0 shown in Fig. 3(b), each unbonded area 12 is formed so as to further include 
20 part of the length of the bonded plane 22 opening to the side 1 3 of the honeycomb structure 1 0 and the total length of 
the bonded plane 22 opening to the gas inlet side end face 1 6 of the honeycomb structure 10. Further, in this structure, 
the unbonded areas 1 2 are formed, as in the gas outlet side end face 1 4, so as to continuously connect the two points 
[not shown in Fig. 3(b)] of the periphery 1 7 of the gas inlet side end face and cross with each other at the center of the 
gas inlet side end face 16. 

25 [0090] In such a honeycomb structure 1 0, reduction in thermal stress is large at the gas outlet end face 1 4 and the 
gas inlet side end face 16 and the generation of cracks can be prevented further. 

[0091] In the honeycomb structures 10 shown in Figs. 4(a), 4(b). 4(c) and 4(c), a bonding material 25 is formed at 
the center of each honeycomb structure 10; and each unbonded area 12 is formed so as to include all of the lengths 
of each bonded plane 22 opening to the side 13, gas outlet side end face 14 and gas inlet side end face 16 of the 

30 honeycomb structure 1 0. Fig. 4(a) is a case wherein the bonding material 25 has a rectangular section; Fig. 4(b) is a 
case wherein the bonding material 25 has a circular section; Fig. 4(c) is a case wherein the bonding material 25 has 
a race truck-shaped section; and Fig. 4(d) is a case wherein the bonding material 25 has a rhombic section. 
[0092] In these honeycomb structures 10, reduction in thermal stress is extremely large, and cracks, etc. do not 
appear even when temperature non-uniformity (e.g. high or low temperatures in particular locations) is large and such 

35 non-uniformity is present in the whole honeycomb structure. 

[0093] Meanwhile, in the honeycomb structures 10 shown in Figs. 5(a), 5(b), 5(c) and 5(d), each unbonded area 12 
is formed so that the unbonded area 1 2 includes all of the lengths of each bonded plane 22 opening to the side 1 3 and 
gas outlet side end face 1 4 of the honeycomb structure 1 0 and part of the length of the bonded plane 22 opening to 
the gas inlet side end face 1 6 of the honeycomb structure 1 0 and that part of a bonding material 25 is exposed to the 

40 gas inlet side end face 1 6 of the honeycomb structure 1 0. 

[0094] In these honeycomb structures, the thermal stresses appearing particularly in the gas outlet side end face 1 4 
and the side 13 are reduced greatly. 

[0095] In the honeycomb structures 10 shown in Figs. 6(a) and 6(b) and Figs. 7(c) and 7(d), as in the honeycomb 
structures shown in Figs. 4(a), 4(b), 4(c) and 4(c). each unbonded area 12 is formed so as to include all of the lengths 
45 of each bonded plane 22 opening to the side 13, gas outlet side end face 14 and gas inlet side end face 16 of each 
honeycomb structure 10. Further, these honeycomb structures are each constituted by bonding nine honeycomb seg- 
ments 1 4 and therefore each have a large number of bonded planes 22. 

[0096] In the honeycomb structures 10 shown in Figs. 6(a) and 6(b), as in Fig. 4(a), the bonding member 25 has a 
rectangular section; in the honeycomb structures 10 shown in Figs. 7(a) and 7(b), the bonding material 25 has an 
50 elliptical section. 

[0097] In these honeycomb structures 1 0, the same effect as mentioned for the honeycomb structures 1 0 shown in 
Figs. 4(a) to 4(d) is obtained; moreover, since a large number of unbonded areas 12 can be formed uniformly in each 
honeycomb structure 10, the thermal stress generating in the honeycomb structure 10 can be reduced greatly. 
[0098] In the honeycomb structure 10 shown in Figs. 8(a) and 8(b), as in the honeycomb structures shown in Figs. 
55 4(a) 4(b), 4(c) and 4(d), four honeycomb segments 21 are bonded by a bonding material 25; the bonding material 25 
is provided at the center of each honeycomb structure 10; each unbonded area 1 2 is formed so as to include all of the 
lengths of each bonded plane 22 opening to the side 1 3, gas outlet side end face 1 4 and gas inlet side end face 1 6 of 
the honeycomb structure 1 0. Further, in this honeycomb structure 1 0, a filler 24 is provided in a portion of each unbonded 
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area 12 so as to surround part of the bonding material 25 and be exposed to part of the side 13; and each unfilled 
portion 31 (which is a gap) is formed so as to contain part of the length of each bonded plane 22 contacting with the 
side 1 3 of the honeycomb structure 1 0 and all of the lengths of each bonded plane 22 opening to the gas outlet side 
end face 1 4 and gas inlet side end face 1 6 of the honeycomb structure 1 0. 
5 [0099] In this honeycomb structure 1 0, since there is no flowing of gas through the unbonded area 12 in the direction 
of the through-channels owing to the presence of the filler 24, the blowing off of gas through the unbonded area 12 
can be prevented; further, since the unfilled portion 31 is formed over each total length of the bonded plane 22 opening 
to the gas outlet side end face 1 4 and gas inlet side end face 1 6 of the honeycomb structure 1 0, reduction in thermal 
stress is extremely large. 

10 [0100] The honeycomb structure 1 0 shown in Figs. 9(a) and 9(b) has the same constitution as the honeycomb struc- 
ture 10 shown in Figs. 8(a) and 8(b) except that as in the honeycomb structure 10 shown in Figs. 6(a) and 6(b), nine 
honeycomb segments 1 4 are bonded and therefore a large number of bonded planes 22 are formed. 
[0101] In this honeycomb structure 10, the same effect as mentioned forthe honeycomb structure 10 shown in Figs. 
8(a) and 8(b) is obtained; further, since a large number of unbonded areas 1 2 can beformed uniformly in the honeycomb 

15 structure 1 0, the thermal stress generating in the honeycomb structure 1 0 can be reduced to a very low level. 
[0102] Figs. 10(a), 10(b) and 10(c) show an embodiment used as a honeycomb filter. 

[0103] In the honeycomb filter 1 shown in Figs. 1 0(a), 10(b) and 1 0(c), as in the honeycomb structures 10 shown in 
Figs. 4(a), 4(b), 4(c) and 4(d), four honeycomb filter segments 33 are bonded by a bonding material 25, the bonding 
material 25 is provided at the center of the honeycomb filter 1 . and each unbonded area 1 2 is formed so as to include 

20 all of the lengths of each bonded plane 22 opening to the side 13, gas outlet side end face 14 and gas inlet side end 
face 16 of the honeycomb filter 1 . Further, in this honeycomb filter 1 , a filler 24 is provided in a portion of each unbonded 
area 1 2 so as to block all the portion of the unbonded area 1 2 exposed to the gas inlet side end face 1 6 of the honeycomb 
filter 1 ; and an unfilled portion 31 which forms a gap without being filled with a filler is formed between the above filler 
24 and the bonding material 25 and also so as to be exposed to the gas outlet side end face 14. 

25 [0104] This honeycomb filter 1 shows no accumulation of the soot present in exhaust gas, at the unfilled portion 31 
of the gas inlet side of the filter 1 and can be suitably used as a honeycomb filter. Further, having no gap at the end 
face 1 4 of the gas outlet side or in the vicinity of the end face 1 6 of the gas inlet side, the honeycomb filter 1 shows a 
very large reduction in thermal stress. 

[0105] Next, description is made on examples of the process for producing a honeycomb structure or a honeycomb 
30 filter according to the present invention. However, the present invention is not restricted to these examples. 

(Production Example 1) 

[0106] There was used, as raw materials, a mixed powder consisting of 75% by weight of a SiC powder and 25% 
35 by weight of a metal Si powder. Thereto were added methyl cellulose, hydroxypropyl methyl cellulose, a surfactant and 
water to produce a plastic kneaded material. 

[0107] Then, this kneaded material was subjected to extrusion molding to obtain a cylindrical body. The cylindrical 
body was cut into nine parts in the axial direction at given intervals to obtain a plurality of honeycomb bodies of 0.3 
mm in partition wall thickness and 31 cells/cm 2 in cell density, each having a different shape (e.g. fan or square) in a 

40 section perpendicular to the axial direction. 

[0108] Next, these plural honeycomb bodies were dried using a microwave and hot air, after which a bonding layer 
having the same composition as that of the above-mentioned kneaded material was formed on each honeycomb body 
at about the center of each plane of the honeycomb body parallel to the direction of the through-channels of the hon- 
eycomb body. The resulting honeycomb bodies were unified into one piece by bonding them via the bonding layer 

45 followed by drying. The resulting unified material was subjected to debinding at about 400°C in an N 2 atmosphere and 
then fired at about 1 ,550°C in an inert gas atmosphere (e.g. Ar). Then, a filler containing, for example, an aluminosilicate 
fiber, a SiC powder, a metal Si powder, an organic binder, an inorganic binder and water was filled at a width of 5 to 
10 mm at part of the bonding layer-free area of each bonding layer-formed plane, followed by drying at about 1 00°C ! 
whereby could be produced a honeycomb structure shown in Fig. 9, having a dimension of 144 mm (diameter) and 

50 152 mm (length) and a gap (bonded area) of 2 mm. 

(Production Example 2) 

[0109] A honeycomb structure shown in Fig. 9 could be produced in the same manner as in Production Example 1 
55 except that in Production Example 1 , a plurality of rectangular parallelepiped honeycomb bodies of 50 mm x 50 mm 
(end face) were produced, unified into one piece, and fired to obtain a honeycomb structure, this honeycomb structure 
was subjected to machining of outer surface to obtain a cylinder of 144 mm (diameter) and 152 mm (length), a kneaded 
material (which was the same as the bonding layer formed previously) was coated on the side of the cylinder, and the 
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kneaded material-coated cylinder was fired. 
(Production Example 3) 

5 [0110] A honeycomb structure shown in Fig. 9 could be produced in the same manner as in Production Example 1 
except that in Production Example 1 , a plurality of prismatic honeycomb bodies of 50 mm x 50 mm (end face) were 
produced, bonded into one piece, and fired to obtain a honeycomb structure, this honeycomb structure was subjected 
to machining of outer surface to obtain a cylinder of 144 mm (diameter) and 152 mm (length), a filler was coated on 
the side of the cylinder, and the filler-coated cylinder was dried. 

10 

(Production Example 4) 

[0111] Honeycomb filters could be produced in the same manners as in Production Examples 1 to 3 except for the 
step of plugging alternately an every other end face of the inlet side and outlet side of the through-channels of the 
15 honeycomb segment. 

(Examples) 

[0112] The present invention is described more specifically below by way of illustrative Examples. However, the 
20 present invention is not restricted to these Examples. 

(Example 1) 

[0113] A SiC-made honeycomb body having a dimension of 144 mm (diameter) x 152 mm (length), a partition wall 
25 thickness of 0.3 mm and a cell density of 31 cells/cm 2 was produced according to Production Example 1; a plural 
number of through-channels of the honeycomb structure passing through the end face of the inlet side and the end 
face of the outlet side was alternately plugged every other end of the inlet side and outlet side of the honeycomb 
structure, whereby was produced a particulate honeycomb filter for purification of diesel engine exhaust gas. In this 
honeycomb filter, as shown in Fig. 1(a), each unbonded area 12 was formed in a triangular shape so that the unbonded 
30 area 1 2 included each part of the lengths of each bonded plane 22 opening to the gas outlet side end face (upper end 
face) 1 4 and side 1 3 of the honeycomb structure 1 0 and that the width of the unbonded area 1 2 in a direction Y from 
the side 13 of the honeycomb structure 10 toward its center became gradually smaller toward the gas inlet side end 
face 1 6 of the honeycomb structure 1 0; and the lengths of each unbonded area 1 2 were 30 mm from the periphery 1 5 
of the gas outlet side end face (upper end face) of the honeycomb structure 1 0 toward the direction of the channels of 
35 the through-channels and 50 mm from the periphery 15 of the gas outlet side end face (upper end face) of the honey- 
comb structure 1 0 toward its center. 

(Examples 2 to 6 and 1 0) 

40 [01 1 4] Honeycomb filters were produced in the same manner as in Example 1 except that they had structures having 
unbonded areas shown in Fig. 1 (d), Fig. 3(a), Fig. 3(b), Fig. 4(a). Fig. 4(b) and Fig. 7 and that when each unbonded 
area 12 (gap) of honeycomb structure 10 was formed so as to be exposed to the gas inlet side end face (lower end 
face) 16, each exposed portion was filled with a filler 25 having the properties shown in Table 1 , at a depth of 6 mm. 
[0115] Incidentally, in Table 1 , Young s modulus ratio refers to a ratio of Young s modulus of filler to Young s modulus 

45 of honeycomb segment. Each Young s modulus was measured and calculated from the relation between load and 
displacement, according to a test method for isothermal elastic modulus. Also in Table 1 . strength refers to a strength 
of filler to that of honeycomb segment. Each strength was measured using a material tester according to a four-point 
bending strength test (JIS 1601). A case when the filler had a larger strength, was reported as large ; and a case when 
the filler had a smaller strength, was reported as small . 

50 

(Examples 7 to 9) 

[0116] There were produced honeycomb filters same as that of Example 6 except that the fillers used had Young s 
moduli and strengths as shown in Table 1 . 

55 

(Example 11) 

[01 1 7] There was produced a honeycomb filter same as that of Example 1 except that each unbonded area 1 2 was 
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formed so as to have a length of 1 5 mm from the periphery 1 5 of the gas outlet side end face (upper end face) of the 
honeycomb structure 10 toward its center and a length of 5 m from the periphery 15 of the gas outlet side end face 
(upper end face) of the honeycomb structure 1 0 toward the direction of the through-channels of the honeycomb struc- 
ture 10. 

5 

(Examples 12 and 13) 

[01 1 8] There were produced honeycomb filters same as that of Example 1 except that the structure shown in Fig. 3 
(a) was employed and that each unbonded area 1 2 was formed so as to have a length of 15 mm or 5 mm from the 
10 periphery 15 of the gas outlet side end face (upper end face) of the honeycomb structure 10 toward the direction of 
the through-channels of the honeycomb structure 1 0 and a length of 1 5 mm or 5 mm from the periphery 1 5 of the gas 
outlet side end face (upper end face) of the honeycomb structure 10 toward its center. 

(Comparative Example 1) 

15 

[0119] There was produced a honeycomb filter same as that of Example 1 except that no unbonded area was formed. 
(Evaluation) 

20 [0120] A ceramic nonintumescent mat as a holding material was wound round the side 13 of a honeycomb structure 
(a honeycomb filter) 10 and forced into a canning case to obtain a canning structure. Then, a soot-containing combus- 
tion gas generated by burning a gas oil (a diesel fuel) was allowed to enter the honeycomb structure (honeycomb filter) 
10 from its lower end face 1 6 and leave from its upper end face 14, to load soot in the honeycomb structure (honeycomb 
filter) 10. The honeycomb structure (honeycomb filter) 1 0 was allowed to cool to room temperature. Then, a combustion 

25 gas containing a given proportion of oxygen was allowed to enter the honeycomb structure (honeycomb filter) 1 0 from 
its lower end face 1 6, to burn and remove the soot. Thus, a filter regeneration test was conducted. 
[0121] In the honeycomb filters of Examples 1 to 1 0 and Comparative Example 1 , the transition period in which inlet 
gas temperature was increased from room temperature to 800°C, and the amount of soot loaded were each set at 
three levels as follows. 

30 [0122] Transition period: 

Standard = 300 seconds 

35 

Short = 240 seconds 
Shortest = 1 80 seconds 

40 

[0123] Amount of soot captured: 

Standard - 10 g/liter 

45 

Large = 14 g/liter 



5Q Largest = 18 g/liter 

Then, the above-mentioned filter regeneration test was carried out and generation of cracks was examined at the upper 
end face (outlet), lower end face (inlet), side and inside of the honeycomb structure. 

[0124] Meanwhile, in the honeycomb filters of Examples 1 and 11 to 13, the amount of soot loaded was set at six 
55 levels ranging from 10 g/liter to 20 g/liter (the transition period was standard), and the above-mentioned filter regen- 
eration test was conducted. 

[0125] The results are shown in Table 1 and Table 2. 

[0126] Incidentally, as to the generation of cracks, no generation was reported as O and generation in any amount 
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(much or little) was reported as A. 
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[0127] As appreciated from Table 1, in the honeycomb structure of Comparative Example 1 having no unbonded 
area, cracks appeared in the inlet side end face and the outlet side end face even under the standard conditions; in 
contrast, no crack appeared under the same standard conditions in the honeycomb filters of Examples 1 to 10 [Fig. 1 

(a) , Fig. 1(d), Fig. 3(a), Fig. 3(b), Fig. 4(a), Fig. 4(b) and Fig. 7], 

5 [0128] As the transition period was shortened and the amount of soot loaded was increased, temperature non-uni- 
formity became bigger, and cracks appeared partly when the unbonded area was formed only in the vicinity of one end 
face of honeycomb filter as in Fig. 1(a) and Fig. 3(a). However, substantially no crack appeared in the filter of Fig. 4 

(b) having each unbonded area so as to contain all of the lengths of each bonded plane contacting with the side, gas 
outlet side end face and gas inlet side end face of honeycomb filter; and no crack appeared in the filter of Fig. 7 having 

10 an increased number of bonded planes. Generation of cracks was low when the Youngs modulus of filler was 80% or 
less of the Young s modulus of honeycomb segment or the strength of filler was smaller than the strength of honeycomb 
segment. 

[0129] As also appreciated from Table 2, when the lengths of the unbonded area from the periphery 15 of upper end 
face of honeycomb structure 10 toward its through-channel direction and from the periphery 15 of upper end face of 
15 honeycomb structure 1 0 toward its center become smaller than given levels, there was a tendency that the degree of 
crack generation increased with the increase in the amount of soot. 

Industrial Applicability 

20 [0130] As described above, in the honeycomb structure and honeycomb filter of the present invention, the individual 
portions are not restricted by each other and can make free deformation even when there appears temperature non- 
uniformity therein; therefore, thermal stress can be reduced and generation of cracks can be prevented. 



25 Claims 

1 . A honeycomb structure possessing a plurality of honeycomb segments each having a large number of through- 
channels separated from each other by partition walls: said honeycomb structure formed as a unified body by 
bonding said plurality of honeycomb segments each other at their planes substantially parallel to a direction of 

30 through-channels with a bonding material being composed of components substantially same as components 

composing the honeycomb segments, 

characterized in that each bonded plane of each honeycomb segment includes an unbonded area inclusive 
of at least one edge portion opening to a periphery of its gas inlet side end face and/or a periphery of its gas outlet 
side end face. 

35 

2. A honeycomb structure possessing a plurality of honeycomb segments each having a large number of through- 
channels separated from each other by partition walls; said honeycomb structure formed as a unified body by 
bonding said plurality of honeycomb segments each other at their planes substantially parallel to a direction of 
through-channels with a bonding material, 

40 characterized in that said honeycomb segments are composed mainly of metal Si and SiC and has a Si 

content defined by Si/(Si+SiC), of 5 to 50% by weight, 

the bonding material is composed mainly of metal Si and SiC and its Si content defined by Si/(Si+SiC) is 
equal to or higher than Si content of said honeycomb segments and is 1 0 to 80% by weight, and that 

each bonded plane of said honeycomb segments includes an unbonded area inclusive of at least one edge 
45 portion opening to a periphery of its gas inlet side end face and/or a periphery of its gas outlet side end face. 

3. A honeycomb structure according to Claim 1 or 2, 

characterized in that the bonding material is provided continuously on each bonded plane. 

50 4. A honeycomb structure according to any one of Claims 1 to 3, 

characterized in that the unbonded area of each bonded plane is formed from the periphery of the gas inlet 
side end face or the periphery of the gas outlet side end face toward a direction of the through-channels, in a length 
of 1 0% or more relative to a total length of the honeycomb structure in said direction. 

55 5. A honeycomb structure according to any one of Claims 1 to 4, 

characterized in that the unbonded area of each bonded plane is formed from the periphery of the gas inlet 
side end face or the periphery of the gas outlet side end face toward a direction of a center of the end face, in a 
length of 1 0% or more relative to a total width of the end face of the honeycomb structure in said direction. 
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6. A honeycomb structure according to any one of Claims 1 to 5, 

characterized in that a filler composed mainly of a heat-resistant inorganic material is provided on at least 
a part of the unbonded area of each bonded plane. 

5 7. A honeycomb structure according to Claim 6, 

characterized in that the filler satisfies at least either one of requirements that its Young's modulus is 80% 
or less of the Young's modulus of honeycomb segments, and that its material strength is smaller than a material 
strength of said honeycomb segments. 

10 8. A honeycomb structure according to any one of Claims 1 and 3 to 7, 

characterized in that the honeycomb segments are composed mainly of at least one kind of ceramics se- 
lected from the group consisting of cordierite, mullite, alumina, spinel, silicon carbide, silicon nitride, lithium alu- 
minum silicate, aluminum titanate and combinations thereof, or of a Fe-Cr-AI type metal. 

15 9. A honeycomb structure according to any one of Claims 1 to 8, 

characterized in that a catalyst is loaded on partition walls of the honeycomb segments. 

10. A honeycomb structure according to any one of Claims 1 to 9, 

characterized in that said honeycomb structure is a honeycomb filter. 

20 

12. A process for producing a honeycomb structure, 

characterized by 

kneading powders of raw materials, a binder and water, 

molding thus obtained kneaded material and drying a molded material to obtain a honeycomb body 
25 forming a bonding layer composed of components substantially same as components composing the hon- 

eycomb body, on each plane of honeycomb bodies substantially parallel to a direction of through-channels, at least 
exclusive of an edge portion opening to a periphery of its gas inlet side end face or a periphery of its gas outlet 
side end face. 

bonding a plurality of resulting honeycomb bodies into unified honeycomb structures through said bonding 
30 layer, and 

firing the resulting unified honeycomb structures. 

13. A process for producing a honeycomb structure according to claim 12, wherein said honeycomb body is fired 
prior to the formation of the bonding layer. 

35 

14. A process for producing a honeycomb structure according to claim 12, characterized in that said process 
further includes machining of outer surface of the honeycomb body. 

1 5. A process for producing a honeycomb structure according to claim 12, wherein outer surface of the honeycomb 
40 body is subjected to machining and then the machined honeycomb body is fired prior to the unifying honeycomb 

bodies through the bonding layer. 

16. A process for producing a honeycomb structure according to claim 12, wherein the bonding layer is formed 
continuously. 

45 

17. A process for producing a honeycomb structure according to any one of claims 12 to 16, wherein outer surface 
of the honeycomb structure is further subjected to machining. 

18. A process for producing a honeycomb structure according to any one of Claims 12 to 17, wherein a filler 
50 composed mainly of a heat-resistant inorganic material is coated on at least part of the side of the honeycomb 

structure obtained. 

19. A process for producing a honeycomb structure according to any one of Claims 12 to 17, wherein a filler 
composed mainly of a heat-resistant inorganic material is disposed onto at least part of portion wherein the bonded 

55 layer is not formed among the plane of the honeycomb segment on which the bonded layer is formed. 

20. A process for producing a honeycomb structure according to any one of Claims 12 to 1 9, wherein the honey- 
comb body and the bonding layer are composed mainly of at least one kind of ceramics selected from the group 
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consisting of cordierite ; mullite, alumina, spineL silicon carbide, silicon nitride, lithium aluminum silicate, aluminum 
titanate and combinations thereof, or of a Fe-Cr-AI type metal, or of metal Si and SiC. 

21. A process for producing a honeycomb structure according to any one of Claims 12 to 20, wherein a catalyst 
5 is loaded on a honeycomb structure after producing said honeycomb structure. 

22. A process for producing a honeycomb structure according to any one of Claims 19 to 21 , wherein the honey- 
comb structure is a honeycomb filter. 

10 
15 
20 
25 
30 
35 
40 
45 
50 
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FIG. 4(a) FIG. 4(b) 
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FIG. 6(b) 
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FIG. 8(b) 
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FIG. 9(a) 
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